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.Eaoh  imtxT  the  farasra  omr  the  eiitlre  proirinoe  of 
Alberta  suffor  more  or  leas  aevere  crop  louaes  from 
the  actiiritlea  of  wireworma*  MreXy  are  the  losses 
ninety  pereeiit  in  any  individual  field  but  fifty  percent 
losses  are  n  coim^wn  occuri-’ence  In  mny  amaa^ 

satiaf;:;:Ctory  explanation  as  to  the  factors  which 
oovera  wirewora  abundance  or  the  variation  in  annual 
danmge  which  results  from  a  modarcitely  atoble  population 
haSj  as  yat^  been  produced#  Mfferant  writers  postulate 
a  variety  of  causes  j  ms  mortality  owing  to 

chaafe  of  dietg  a  modification  of  th©  biotic  ral^i^tlo- 
ship  between  wireworma  and  their  enamisaj  or  improved 
mechanical  oondlticms  for  the  aotivitias  of  the  differ¬ 
ent  Btaeoa  of  this  iniaeot# 

Eeaearoh  in  this  field  was  com^'ienoeci  sorm  years 
ago  at  the  lliilverslty  of  Alberta*  (I5adc  posaibi©  et 
that  by  a  grant  from  the  Camciian  lieoearca  Council#) 

From  field  observances  nM  iabor^^tory  experiments  data 
were  collected  wiiioli  indioatod  that  the  modifiootion 
of  the  soil  toxtur©!  induced  by  cultural  practices 5  had 
0  Mirked  effect  on  o'pp  survival.  Just,  however  *  alien 
some  of  the  major  diffisultiea  involved  in  carryim^  on 
carefully  controllea,  exr.ierlr'^nts  with  these  esoantially 
aubterranean  and  long-lived  insects  had  been  overccnSg 
tlia  woric  had  to  bo  diaooiitixmed  due  to  a  shortage  of 
funds*  file  present  imreatlgationa  ware  underteken  as 
a  continuation  of  the  oast  ?/ork  mid  viere  assisted  from 
th#  -Caraogia  Oorporation  nesaoroh  Grant® 

The  uripubliahed  notes  on  previous  work  CGuducted 
by  Professor  Gtricklaiid  to»-gether  with  th©  helpful 
porsoml  mgoBsttOBB  of  the  y-rofaasor  were  of  inestim¬ 
able  value*  The  writer  also  wt slice  to  aoknoiflodg© ^  at 
thi©  point j  the  assistanco  given  by  the  departraciits  of 
ilortioultura;  Joilsi  and  Fi©M  Crops,  Division  of  plant 
Pathology*  Ihe  first  mentlonad  depcirtiaant  kliidly 
allowed  the  iiiveatigator  to  sat  up  his  oontrolaad  temp- 
arriturc  appam tus  In  tlm  ■root-cellar  and  thus  made 
possible  tiiat  phase  of  the  woik*  Th©  I)ep:\rtnmit  of 
soils  permitted,  tlia  use  of  their  balances  for  weighing 
and  their  ovens  for  di^ring  .soil  sriir'acs#  To  t.he 


p:refacs 


Department  of  Field  Crops,  Division  of  Plant  Pathology 
the  investigator  is  indebted  for  the  temperature 
chambers  used  in  determining  the  eggs  laid  at  constant 
temperatures.  Without  the  co-operation  of  these  and 
other  departments  the  writer  could  not  have  carried 
on  this  work. 

The  tedious  work  of  collecting  beetles  was  great¬ 
ly  lightened  by  the  kind  assistance  of  Professor 
Strickland. 

All  larvae  used  in  the  course  of  these  experiment 
were  collected  and  shipped  to  the  University  by  Mr. 
Albright,  farm  manager,  Beaverlodge  IiDq)0rimQi tal 
Sub-Station,  Beaverlodge,  Alberta. 

Information  concerning  the  cultural  histories  of 
fields  used  for  soil  consolidation  tests  were  secured 
through  the  gracious  assistance  of  Fr.  Hopkins, 
University  Deportment  of  Field  Crops,  and  the  staff 
of  the  Dominion  £!xperi mental.  Station  at  Lacombe, 
Alberta* 
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'//IREWOHv!S, 


ABSTRACT 

An  investigation  was  conducted  into  the  habits 
hudius  aeripeyis  destructor.  Brown,  during  the 
various  stages  of  S-evelopment ,  with  a  view  to  proving 
or  disproving  the  value  of  present  recoimnended  methods 
for  control*  Eggs  placed  above  a  depth  of  one  inch 
below  the  surface  of  the  soil  suffered  a  heavy  mortal¬ 
ity;  Beetles  laid  freely  in  moist  soil  at  constant 
temperatures  between  fifteen  and  thirty  degrees  Cent¬ 
igrade.  Both  sexes  moved  freely  for  limited  distances 
on  the  surface  of  the  soil.  Normally  females  ovipos¬ 
ited  at  depths  between  two  and  four  inches  below  the 
soil  surface  but  they  did  not  penetrate  soil  which 
offered  a  resistance  of  three  pounds  to  the  tester 
used.  Any  form  of  cultivation  involving  plowing  rend¬ 
ered  Edmonton  sandy  loams  easily  accessible  to  female 
beetles  to  a  depth  of  greater  than  three  inches. 

Neither  the  three  mercuric  dusts  nor  the  ^lulligan  Exter¬ 
minator,  used  as  seed  treatments,  gave  any  protection 
against  damage  by  wireworms.  Extreme  soil  moisture 
conditions  in  the  spring  of  the  year  were  not  one  hund¬ 
red  percent  lethal  to  hibernating  larvae.  Fifty  per¬ 
cent  of  the  newly  formed  adult  beetles  survived  the 
winter  under  summerf allow  conditions  even  though  they 
had  been  disturbed  the  previous  fall.  The  extent  of 
damage  resulting  to  a  crop  from  a  given  population 
of  larvae  is  greatly  dependent  on  the  depth  of  loose 
soil,  temperature  at  the  surface,  moisture  conteht  of 
soil,  and  the  rate  of  germination  of  the  crop. 


I 

INTRODUCTION 

An  outline  of  the  previous  investigational  work 
on  the  habits  and  control  of  the  larvae  of  Elaterid 
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Beetles  ¥;rould  require  a  separate  paper  in  itself.  The 
bibliography  at  the  end  of  this  thesis,  which  is  itself 
far  from  complete,  will  convey  sort©  idea  of  number  of 
investigators  who  have  already  worked  in  this  field 
at  least  in  America.  The  history  of  these  investig^ 
at ions  is  in  general  a  discouraging  story,  a  tale  of 
one  investigational  difficulty  after  another^  Among 
the  first  wireworm  studies  made  were  those  of  Curtis 
#{25)  and  I)i*ummond  (26)  in  1845  and  althouc^  that  is 
over  ninety  years  ago  now  little  if  any  invc stigetion 
into  the  habits  of  the  species  considered  here  had 

been  carried  out  previous  to  that  commenced  by  Prof¬ 
essor  Strickland,  at  this  university  in  1925  and  cont¬ 
inued  during  the  summers  of  1926,  1927,  1928,  1929, 
and  1930.  The  results  of  these  investigations  were 
made  available  through  publications  (155,156,157,158, 
159.)  and  the  unpublished  records  of  the  yearly  invest¬ 
igations  (160,161,162) •  More  recently  extensive 
work  has  been  done  at  the  Dominion  i2ntomological  Lab;^ 
oratory  at  Saskatoon,  under  the  supervision  of  Kenneth 

#  Numbers  refer  to  the  bibliography  at  the  end  of 
this  thesis. 
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M,  muQ  {83,84,85,86,87,89,90.)* 

The  major  object  of  th©  present  investigator  was 
to  secure  definite  information  on  the  effect  of  envir¬ 
onmental  conditions  on  th©  density  of  larval  population 
and  the  extent  of  larval  feeding.  Incidentally  work 
was  don©  on  certain  seed  treatments  as  methods  of 
control. 

I  . 

The  north  bank  of  the  Saskatchewan  River,  between 

f 

the  golf  links  and  the  railroad  grade,  west  of  the 
high  level  bridge,  in  Edmonton,  had  served  as  a  source 
of  adult  beetles  for  previous  experimental  work.  Bet¬ 
ween  April  30  and  May  12,  1936,  this  area  was  carefully 
searched  and  again  in  the  spring  of  1937.  With  th© 
assistance  of  Professor  Strickland  every  stick,  ston© 
and  other  loose  object  on  this  side  hill  was  turned 
over  and  under  a  number  of  these  were  found  from  one 
to  three  adult  beetles.  Between  two  and  three  hundred 
beetles  were  collected  in  the  spring  of  1930  while  in 
1937,  although  twenty-five  were  taken  in  one  afternoon, 
only  seventy  beetles  were  taken  altogether.  It  woiild 
appear  that  warm  and  unusually  dry  soil  conditions 
early  in  the  year  caused  a  migration  as  no  further 
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PLATE  II,  LIFE  HISTORY  .\ITD  CONTROL  OF  Y/IREY/ORIv© 

U,  of  A.  1937* 

BRkVams  OF  ADULT  GENITALIA  (original  ) 


la.  Extruded  male 
genitalia 


lb*  Extruded  female 
genitalia* 


2a.  Female  genitalia 

as  se  n  when  sexing 
beetles. 


2b o  Male  genitalia 

as  seen  when  sexing 
beetles 
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specimans  could  be  found  although  the  area  was  searched 
intensively  on  several  occasions*  Two  different  pairs 
were  found  laating  under  stones  in  1936*  This  Is 
the  first  record  of  mting  having  been  observed  in  the 
field^  (between  May  2  and  May  10,  1936.). 

Iismediately  upon  returning  to  the  laboratory  the 
beetles  were  separated  according  to  sex*  This  was  the 
procedure  followed  both  years*  Sexing  was  accoiaplished 
by  the  method  earlier  devised  by  Strickland  (156). 

I2ach  beetle  was  held  in  turn  under  the  binoculars 
between  the  finger  end  thumb  of  the  left  hand  and  the 
last  sternite  depressed  with  the  end  of  a  blunt  dissect¬ 
ing  needle  held  in  the  right  hand  thus  exposing  the 
genitalia*  By  a  glance  at  the  last  segment  (the  tnvag- 
inated  tenth  abdominal),  now  exposed,  the  sexes  were 
easily  separated  without  injury  to  the  beetles.  ®ie 
tenth  sternite  of  the  female  is  wide  while  that  of  the 
male  is  narrow  and  strap  like  (Plate  II)*  Itie  method 
would  se^m  to  the  author  more  accurate  and  generally 
superior  to  the  method  of  anaesthetizing  the  specimens 
used  elsewhere,  which  must  weaken  the  beetles. 

The  different  sexes  were  placed  in  separate  glass 
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rearing  jars  (Plate  VI, a)  and  fed  on  carrots  which  they 
ate  readily*  A  little  moist  soil  was  added  to  the  top 
of  the  plaster«of-Paris  on  May  E6,  1956.  Air  temper¬ 
ature  rose  unusually  high  during  the  next  few  days 
reaching  a  high  of  94  degrees  Fahrenheit*  On  May  29 
the  soil  from  the  jar  containing  the  female  beetles 
was  examined  and  found  to  contain  many  eggs*  The 
female  beetle  population  was  then  divided  into  two  series 
and  one  stored  at  eight  degrees  Centigrade  and  the  other 
at  fifty-five  degrees  Fahr*  The  latter  series  contin¬ 
ued  to  lay  eggs  freely. 

Ihe  determination  of  the  presence  of  eggs  in  the 
soil  was  accoiJipilshed  by  washing  the  soil  through  a 
very  fine  screen  wire  by  means  of  a  stream  of  water 
and  a  camel  hair  brush*  The  eggs,  which  did  not  pass 
through  the  screen,,  were  then  washed  into  a  watch 
glass  which  was  set  on  a  piece  of  white  paper  and 
examined  through  the  binoculars*  vldien  it  was  desired 
to  count  the  number  of  eggs  present  the  watch  glass 
was  marked  off  like  a  target  and  the  eggs  counted  in 
each  ring  (156)  (Plate  1,4;  Plate  III, a)*  This  proced¬ 
ure  was  made  necessary  because  the  soil  particles 
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adhere  to  the  Tisoous  eurtae©  of  the  newly  laid  eggB 
and  mice  them  indiatimiulaliatol©  from  the  soil  itself. 
It  was  also  tliowdit  wise  to  seeure  an  aspeolally 
evil  table  soil  for  ai:|>ari»ate  In  which  it  woaltl 

to  raeoirer  all  the  ciepoaited,  'i  reirlouB 

work  had  indleated  .that  if  there  were  many  particles 
of  silica  preecrit  in  the  soil  they  coaid  only  be  cliat- 
ingut  shad  froii  tlia-  eggs  by  teating  the  relative  hcrd- 
nesa  of  each  with  the  end  of  a  cliseecting  neeclle,  a 
alow  and  tedious  Job*  A  satlafactory  soil  wa©'  secured 
from  near  atony  Plelu  and  carefully  soraaneci  through 
a  Slav©  sufficiently  fine  to  retain  ergB»  This  soil 
will  be  referrad  to  throughout  this  paper  im 
'^'OVipOSltiOll  soil’^* 


Note:  It  has  been  pointed  out  that  the  disappearance 
of  the  beetles  from  the  collecting  grounds 
early  in  the  spring  of  1937  was  probably  due 
to  the  heat  having  drivesn  them  down  into  the 
soil  rather  than  away  from  the  side  of  the 
hill  and  thifts  the  ^migspation  of  beetles^’ 
referred  to  at  th©  bottom  of  page  three  may 
be  misleading* 
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U,  of  A.  1937 

EGG  HANDLING  AIH^ARATUS 


la*  Petri  dish  marked  for 
counting  eggs« 


lb*  Pipette  for 

handling  eggs 
individually* 


Ic* 


Eggs  as  they 
appear  under 
the  binocular* 


2a*  Glass  incubation  vials  2b*  Yial  used  for 

used  in  depth  of  hatching  exper iments  on 

experiments  and  diagram^  egg  laying  at 

of  the  placing  of  the  constant  temp- 

same  in  the  soil*  eratures. 
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II 

THE  EFFECT  OF  DEPOT  OF  0VIP03ITI0B  ECO 

HATCHING. 

Since  the  basis  for  some  of  the  present  recomm¬ 
endations  for  decreasing  wireworm  infestations  is  based 
on  a  more  or  less  upproved  assumption  that  the  delic¬ 
ate  eggs  of  this  species  cannot  withstand  dessication 
and  extreme  temperatures  such  as  they  would  be  subjected 
to  if  placed  near  the  surface  of  the  ground,  it  was  dec¬ 
ided  %o  secure  definite  information  on  this  point.  A 
previous  experiment  (161)  had  been  conducted  by  placing 
eggs  in  screen  wire  cages  at  various  depths.  The  diff¬ 
iculty  experienced  in  recovering  larvae  and  eggs  had  made 
results  uncertain  but  indications  had  been  that  eggs 
would  hatch  successfully  at  depths  of  greater  than 
one  inch  below  the  surface  of  the  soil  at  Sdmonton. 
Controlled  laboratory  experiments  carried  out  previously 
had  indicated  that  eggs  exposed  fqr  more  than  one 
twelve  hour  period  to  temperatures  of  102  degrees  Fahr¬ 
enheit,  at  high  humidity,  do  not  hatch.  A  new  technique 
was  decided  upon.  Small  one  quarter  inch  glass  tubing 
was  cut  into  two  inch  lengths ^  which  served  as  cages. 

One  end  was  plugged  with  plaster-of-Paris^  some  ovip- 
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position  soil  was  added,  moistened,  and  twenty  ©ggs 
introduced  by  means  of  a  glass  pipette  drawn  out  to 
a  fine  point  so  that  one  egg  at  a  time  might  be  con¬ 
veniently  handled  (Plate  III).  More  soil  was  added 
and  the  open  end  plugged  with  plaster-of -Paris.  The 

eggs  used  had  all  been  deposited  in  moist  soil  in 
glass  breeding  jars  between  nine  A.M.  May  31,  and 
nine  A.M.  June  1.  Duplicate  series  of  these  glass 

vials  were  placed  at  half  inch  intervals  from  one  half 
inch  to  four  inches  deep  in  summerf allow  in  the  insec t- 
ory^  There  was  no  vegetation  in  the  area  where  these 
cages  were  set  out  the  soil  having  beerx  spaded  to 
a  depth  of  about  nine  inches  some  weeks  before.  A 
trench  seven  inches  deep  was  dug  with  one  vertical  wall 
and  the  vials  pushed  horizontally  into  the  vertical 
wall  at  carefully  measured  intervals.  The  soil  was 

moist  practically  to  the  surface.  Maximum  recording 
thermometers  were  placed  at  the  surface  and  at  one  , 

two  and  three  Inches  deep.  Later  more  were  added  to 
secure  records  at  four,  five  §nd  six  inches  deep. 

These  were  read  at  eight  thirty  A.M.  every  morlking. 
These  records  appear  in  Table  1,B. 
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Anothor  set  of  vials  -'imilr-rly  pra^nred  wr-s  set 
out  on  June  1930«  One  vial  v^ns  placed  at  each 
half  Inch  interval  from  one  half  Inoli  to  four  inches 
deep  and  duplicates  set  at  one  Incli  intervals  from 
one  to  four  inches  inclusive*  The  day  was  clear  end 
the  surface  of  the  soil  in  the  snm  nt  15©  degreoB  Fahr« 

Sinoo  the  results  of  these  experinents  wer©  uncart 
aln  it  was  ■  imparat '  va  to  dc  evervtijirig  possible  .to 
repeat  them  a  number  of  tines  in  103?*  Ihe  limited 
number  of  veetles  available  rmdo  this  difficult*  The 
forty-seven  female  bi^-etles  secured  were  hept  in  the 
laboratory  for  imtm  woeks  and  fed  on  cantata.  As-  soon 
HB  oviposit ion  had  comnoneod  egps  mere  washed  out  at 
twenty --four  hour  intervals  and  h.isins-  the  technique- 
previously  described  tubes  were  etccked  with 
and  sat  out  on  the  dB.tes  and  at  the  depths  isdic-nted 
Table  1,  A* 

‘Ih©  vifiis  containing  the  a.nd  soil  wer© 

re:-^oved  from  tU©  soil  after  s-ufficisnt  tine  had  been 
allowed  for  all  ©ggs  to  hatch,  then  left  until  the 
so:i  contents  had  completely  dried  out*  A  file 
nark  was  made  across  the  tubOj^  wliieli  was  to  be  opexxed 
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Table  1,A« 

(Data  on  depth  of  OYlposition  and  its  effect  on  hatohinr. ) 
Number  of  series  and  date  set  out  1937. 

June 


Depth. 


0.50” 

1.00” 

1.50” 

2.00” 

2.50” 

3.00” 

3.50” 


I^ay 

28. 

TST 

X 

X 

X 

X 

X 

X 

X 


May 

28. 

Wf 


X 


X 


X 


June 

2. 

X 

X 

X 

X 

X 

X 


3. 

Wf 

X  ■ 

.  X 
X 
X 
X 
X 


June' 

7. 

TeT 

X 

X 

X 


7. 

X 

X 

X 


"July* 

8. 

Tet^ 


Note; 

(e)  eggs  laid  over  a  thirty- siz  hour  period. 

(f)  eggs  laid  by  seven  living  beetles  xfhieh 
remained  after  the  depth  of  oviposit ion  exp¬ 
eriments  had  been  completed,  over  a  forty- 
ei(  ht  hour  period. 

(g)  eggs  laid  over  a  seven  day  period  and  there¬ 
fore  not  comparable  with  others. 

Note : 

‘Twenty  three  eggs  were  placed  in  some  moist 
soil  in  a  salve  tin  in  the  laboratory  on 
May  31.  Two  larvae  and  one  unhatohed  egg  were 
recovered  July  7.  This  indicates  the  eggs 
were  fertile. 
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Table  1^.B»  -  ■ 

.  w—WHiiiiiwii  iflu  II  . 

(I’iaximum  soil  Temperatures) 


Depth 

in  inches 

from 

surface « 

Date 

• 

0»r 

1" 

2” 

3« 

4"  5" 

Air 

Coimaents. 

June 

g 

~aS 

46 

ft 

3 

98 

70 

68 

68 

48 

ft 

4 

110 

86 

81 

74 

51 

ft 

5 

128 

96 

86 

80 

52 

rain 

»f 

6 

80 

66 

64 

62 

44 

tf 

7 

84 

69 

65 

59 

44 

ft 

8 

78 

64 

60 

60 

47 

ft 

9 

74 

60 

58 

56 

52 

10 

108 

87 

76 

72 

55 

It 

11 

118 

86 

84 

78 

60 

12 

130 

'88 

82 

77 

61 

13 

106 

60 

75 

71 

48 

cloudy 

tv 

14 

108 

76 

70 

68 

58 

f- 

15 

102 

78 

72 

70 

60 

shower 

ff 

16 

74 

68 

64 

63 

45 

steady  rain 

ft 

17 

66 

62 

62 

60 

54 

rain 

»s 

18 

88 

70 

66 

66 

54 

clear 5 windy 

ft 

19 

70 

56 

56 

56 

51 

clear 

ft 

20 

102 

83 

80 

76 

59 

clear 

ft 

21 

120 

87 

82 

78 

63 

clear 

ft 

22 

122 

88 

86 

82 

66 

clear 

«  A  •  0 

A  4  O  • 

•  •  •  •  ( 

new 

series  set 

out )..... 

S'? 

23 

122 

90 

88 

06 

70 

clear 

ft 

24 

140 

102 

98 

92 

72 

clear 

ft 

25 

130 

100 

95 

90 

64 

clouds 

ft 

26 

126 

100 

92 

90 

35 

shower 

ft 

27 

124 

100 

94 

90 

60 

ft 

28 

128 

98 

98 

92 

84 

(ev’ng) 

ff 

29 

104 

86 

84 

84 

57 

cloudy 

ft 

30 

102 

74 

70 

70 

56 

ra  in 

July 

1 

100 

80 

78 

78 

59 

cloudy 

ri 

2 

112 

88 

84 

80 

59 

clear 

ft 

3 

124 

92 

90 

86 

66 

clouds 

ft 

4 

112 

86 

82 

80 

60 

clear 

ft 

5 

112 

86 

86 

84 

clear 

ft 

6 

112 

84 

80 

78 

56 

ft 

7 

116 

86 

80 

78 

61 

clouds 

ft 

8 

98 

80 

78 

76 

54 

clear 

ft 

9 

118 

90 

84 

83 

62 

cloudy 

n 

11 

106 

91 

90 

84 

62 

cloudy 

12 
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Table 

1,B 

(cont’d) 

Date 

• 

0" 

1^’ 

2^’ 

4-’ 

’ 

Air 

Cements 

July  13 

rs^ 

94 

86 

as 

clear 

« 

14 

128 

92 

90 

87 

64 

clear 

n 

15 

124 

94 

90 

86 

66 

cloudy 

(first 

series  taken 

up).. 

ni 

16 

lie 

90 

84 

83 

52 

cle.or 

n 

17 

130 

100 

92 

86 

76 

63 

f*  clear 

»f 

18 

101 

82 

80 

77 

74 

72 

64 

cloudy 

ri 

20 

134 

99 

92 

86 

80 

78 

74 

clear 

ti 

21 

140 

106 

100 

90 

84 

82 

71 

clear 

ft 

22 

lie 

102 

92 

62 

78 

77 

69 

clear 

If 

23 

124 

104 

96 

89 

32 

80 

68 

Olear 

ft 

24 

136 

102 

94 

87 

83 

80 

67 

cloudy 

ft 

25 

116 

90 

87 

84 

78 

77 

57 

clear 

ft 

27 

89 

72 

72 

71 

68 

67 

56 

clear 

ft 

28 

116 

90 

87 

84 

82 

76 

64 

clear 

ft 

29 

124 

95 

86 

84 

80 

78 

66 

clear 

ft 

30 

128 

96 

90 

86 

83 

80 

63 

clear 

ft 

31 

128 

92 

88 

84 

80 

79 

63 

clear 

Aug, 

1 

118 

83 

79 

76 

74 

73 

58 

clear 

ft 

4 

107 

76 

74 

73 

70 

70 

56 

clear 

ft 

5 

116 

90 

84 

80 

76 

74 

60 

f, clear 

ft 

6 

113 

84 

82 

78 

74 

73 

65 

clear 

n 

7 

122 

94 

86 

82 

78 

76 

63 

rain 

ft 

8 

95 

80 

78 

76 

73 

72 

58 

clear 

ft 

10 

116 

90 

83 

79 

76 

74 

60 

clear 

ft 

11 

109 

88 

82 

00 

76 

75 

60 

clear 

ft 

12 

118 

92 

86 

80 

77 

76 

65 

cloudy 

ft 

13 

114 

84 

82 

78 

74 

72 

64 

1  •  ra  iti 

ft 

14 

110 

78 

76 

74 

72 

71 

62 

rain 

ft 

15 

71 

71 

66 

66 

66 

66 

56 

clear 

ft 

17 

102 

80 

78 

72 

69 

68 

55 

clear 

ft 

18 

87 

74 

69 

67 

65 

64 

55 

clouds 

ff 

19 

96 

76 

73 

70 

67 

66 

52 

clear 

ft 

20 

98 

76 

72 

70 

69 

66 

56 

clear 

Note: 

All 

temperatures  are  in 

degrees  Fahrenheit 

and  all  are  taken  on  maxiiraim  recording 
thermometers  read  at  8:30  A.M.  each  day 
except  ”air”  which  were  taken  at  the  same 
time  in  the  insectory  on  an  ordinary  therm¬ 
ometer* 
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Table  (oontM) 

Sumiaary  of  Temp e ra t u reHS c o rS s'  'for  ' the  1936  Season, 
a.%_  for  period  of  first  exx^eriment, 

(June  1  to  July  15) 


0»t 

'  2^ 

get 

4ft 

5  ft 

Air 

Maximum: 

l4iT 

T5h 

“M 

Mnlmums 

68 

56 

56 

56 

45 

Averages 

109 

83 

79 

76 

55 

b.  for  the  period  of 

the 

second  exy 

{June  23 

to,  .August  20) 

0" 

1ft 

2^» 

S" 

4tt 

5” 

Air 

Maximum;. 

TSJ 

IC6 

JM 

"TI 

■'T5S’ 

.  84' 

Miniraum; 

71 

71 

66 

65 

65 

64 

52 

Average ; 

115 

89 

■84  ■ 

‘  'Y  ' 

bl 

75 

74 

62 

Record  of  Temperatures  During  1937  Sxperj 

Date 

« 

Qff 

Iff 

9f 

*./ 

"Aft 

gff 

Air 

fcay 

30 

"im 

"M 

76 

June 

X 

107 

82 

78 

74 

70 

it 

Z 

118 

84 

82 

80 

72 

ft 

3 

112 

60 

74 

70 

66 

ft 

4 

'92 

70 

64 

62 

60 

ft 

5 

110 

80 

71 

67 

64 

ft 

6 

120 

82 

77 

70 

68 

tt 

7 

121 

00 

73 

69 

66 

ft 

B 

12  4 

9£ 

85 

79 

76 

It 

9 

112 

80 

75 

70 

60 

tt 

10 

97 

78 

72 

64 

62 

ft 

11 

86 

70 

67 

63 

51 

ft 

12 

90 

68 

64 

60 

58 

ft 

14 

'  124 

90 

69 

78 

75 

ft 

15 

118 

92 

87 

80 

76 

Tt 

16 

136 

94 

89 

83 

78 

ft 

17 

130 

94 

85 

79 

76 

ft 

18 

90 

70 

77 

74 

70 

ft 

19 

114 

87 

85 

83 

78 

ft 

21 

126 

93 

86 

80 

74 

ft 

22 

126 

97 

90 

88 

78 

ft 

23 

75 

70 

70 

67 

64 

ff 

24 

70 

61 

61 

60 

59 

ft 

25 

79 

75 

73 

68 

66 

14. 
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Table 

B  (cont^d) 

Date, 

0” 

1" 

py 

iy 

5^^  Air 

June  26 

1^ 

"M  ■ 

— 

”  28 

124 

103 

98 

84 

82 

^  29 

132 

100 

94 

82 

78 

♦♦  30 

13B 

118 

100 

92 

85 

July  1 

88 

84 

81 

76 

72 

2 

123 

98 

94 

88 

87 

n  3 

108 

90 

86 

83 

78 

5 

135 

105 

102 

89 

86 

90 

76 

75 

74 

72 

»t  7 

118 

94 

89 

84 

80  s 

8 

126 

88 

86 

84 

80 

n  9 

126 

88 

,  86 

34 

80 

«  10 

127 

100 

98 

90 

84 

”  12 

124 

90 

39 

78 

75 

"  13 

128 

94 

90 

80 

76 

"  14 

116 

88 

34 

80 

74 

"  16 

66 

60 

58 

58 

58 

« 

84 

72 

70 

67 

65 

”  19 

107 

92 

83 

77 

72 

«  20 

108 

90 

88 

78 

74 

”  21 

no 

86 

84 

83 

80 

^  22 

84 

72 

71 

69 

68 

”  23 

92 

74 

72 

71 

70 

"  26 

96 

82 

78 

74 

70 

t,  S7 

107 

85 

82 

77 

74 

1 

.3uinniary  of 

Temp  83m  ttires 

Recorded  for  19S7  Season, 

{ Since  the  periods 

of 

the  different  experiments 

overlap 

each  other  by 

several  weeks  one  summ- 

ary  only*  for  the 

entire  period,  is  given.) 

0« 

1" 

2” 

4"  5”  Air. 

Maximum: 

130 

TI5 

1SS  ~9^ 

87 

66 

60 

58 

58 

58 

Average : 

109 

85 

79 

76 

72 

15. 
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TuMo  2, 


(Number  of  eggs  which  hatoEel^t  different  depths.) 

i..  Work  previously  done. 

- - 


(June  to  August) 

Depth.  Condition  of  eggs  when  e^mined. 

IP»  to  1"  ^ — ''  unliatche'd. 

Itf  - hatched. 

to  5^  -- — — —  hatched. 


1931 

(May  £9  to  July  £5.) 

pQDth*  <In  loose  earth.  in  solid  earth. 

Cl.5’^  ’  ¥lT'*'”sli  ruiiken  — - 


1.0«  - 11  3  7  H,  8  U. 

1.5^  — 7  H  ,  4  D  - 1£  H,  6  L% 

g^Qtt  - - - - -  __  9  5  u. 

2,5»»  - 1£  1  ,  £  U  - - - - 

3.0*^  - - 14  H  5  £  H  1£  E,  3  U. 

5,0^  - -  9  U£  - - - - — w 


^  H  hatched  eggs  recovered. 

D  unliatohed  eggs  recovered. 

£  Ihe  period  was  probably  too  short  to  allow 
hatching  at  this  depth. 


Depth. 

0.5’’ 
1.0«  -- 
1.5’’'-- 
£.0”  — 
2,5«  «« 

b.O”  — 
3,5” 
4.0”  — 


B. 

Work  by  present 

experimenter. 

£0. 

June  £ 

1936 

to  July  15. 

June  £3  to  August  ; 

A 

B 

A  B 

rsTj 

—“Fir 

■ - - I's  tj  " 

' 

18  U 

—  2  U,4  m  — 

14  B  —  1  U,£ 

L . 

11  u 

—15  V  : 

- - -  13  D 

12  U 

—  2  U,1  L  - 

as  L  —  18  U,1 

L. 

8  U,1 

H  —20  U 

L. 

shells 

-«.15  XJ 

6  U,1  L  —  19  U 

19  U 

—13  U 

lost 

««.10  u 

14  U,1  H  —  14  U,1 

L. 

4.  L  — •  larva©  recovered. 


••jf.ii; .  ,,vv 


^  f 


:>■;■ 


y.  f:  " 


V'|.,'i 

,411, ,(, 


,.'4^ 


,;,v;.,' 


<■  •! 


I 


i  ■  '•  •  '  '..V  y  >■  Hf 


»/■ 
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Table 


( Letters  refer  to  period®  urn 

I)0T)tli*  a 


IT3'’ 

1*5” 

2*0” 

2.5” 

3.G” 

5.5” 


WT 


b 


■irmi  I'pA*) 


15 

a 

6 

1? 

12 


I 

L 

t 

L 

L 

!L 


T'tjTTT 

n  L 

9  I 

S  ;J,5  L 

a  L 

a  L 

^  h 

V  L 

“  5  L 

B  tl^5  L 

13  h 

4  L 

5  L 

2  L 

li5”  1  L 

2;0”  £  t%l  m  6  U# 

2;5” 

3.0” 

3.5” 


#  In  the  ease  of  g  and  ii  aitiiouisd  axssiminatioB 
wiis  deferred  until  July  2?  no  e  -gs  had 
liatohed  and  in  all  cases  those  reowered 
appemreti  to  contain  iriTOa  exnbryos  but  on 
retention  in  the  laboratory  for  sowral  day© 
only  one  00’  from  hatcliod. 
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and  the  glass  broken  over  a  fine  screen  onto  v/iiich 
the  contents  were  shaken.  This  v/as  sifted  and  examined 
dry  then  washed  carefully  and  reexamined.  Each  egg 
was  picked  up  irith  a  pipette  when  counted.  It  proved 
extremely  difficult  to  distinguish  unhatched  eggs 
from  egg  shells.  The  number  of  each  recovered  is 
recorded  in  Table  2  along  with  some  of  the  results 
previously  secured* 

Ihe  indications  are  that  under  the  conditions 
of  soil  temperature  and  moisture  which  existed  at 
Edmonton  during  1936  and  1937,  which  conditions 
would  appear  to  be  fairly  typical  of  the  location,  the 
eggs  of  this  beetle  hatch  satisfactorily  at  depths 
of  one  inch  or  more  below  the  surface  of  summerfall-* 
owed  soil.  Above  one  inch  hatching  would  appear  very 
uncertain.  The  maximum  temperatures  at  these  depths 
agree  very  well  with  those  indicated  to  be  satisfact¬ 
ory  and  those  indicated  to  be  lethal  in  eatlier 
controlled  exj^eriments,  (160). 


LIFE  msTom  -MD  coiiTHOL  OF 


la* 


nm  MfWT  OF 


III 

Of  EGG  LITIF0. 


13  QU  nm  yjxTi 


It  xms  deoidod  to  seoura  soim  knowledge  of  tho 
effeot  of  differont  constant  teupcrstHrea  on  tha 
rats  at  will  ah  feisalo  b^jotlcs  would  lay  In  to!  at  soil 
before  field,  experlMhta  were  oO't^T^^nced#  Hia  following 
easporinent  was  do'^lsed  to  that  end# 

.mall  Blass  vials  (Plat©  III)  wore  part3.y  filled 
with  ^oYlposition  soil^#  Into  each  vial  was  introduced 
on©  femle  ba-^tls*  liie  vial  was  then  stoppered  and 
subjected  for  twenty- four  hours  to  a  aartaln  constant 
temperature#  Jefrigemtora  running’ et  8,  10 ^  20,  25 , 
30,  35,  a.:.'d  40  degrees  Centigrade  were/iused#  I'our 
beetles  were  kept  at  each  tem],>©rntur©  tliirliig  the  mtm 
int^rvol  and  at  the  end  of  the  twenty- four  hours  were 


transferred  to  new  vials  and  placed  at  the  next  Bick¬ 
er  temperature  in  the  sariea#  ^ftie  soil  from  each 
viel  was  afterwiird  removed  and  the  «|giis  washed  out 


ana  counted#  It  waa  reallssed  that  thor©  was  a  short 
period  of  ohani^e  from  one  tom|}eratur€5  to  another  and 
that  sinless  each  beetle  ware  washed  every  time  a 
transfer  took  place  a  amall  number  of  eggs  laid  at 


19. 


LIFE  HISTORY  AHD  CONTROL  OF  mnmom&S 

one  temperature  might  adhere  with  some  soil  to  the 
body  of  the  beetle  and  be  recorded  at  the  wrong  temper-^ 
ature,  'fashing  the  beetles,  however,  proved  to  be 
an  impossible  amount  of  work  so  allowance  for  such  err¬ 
ors  must  be  raade  in  interpreting  the  results  and  not 
too  much  stress  placed  upon  the  occurrence  of  one  or 
two  eggs  in  any  one  vial*  Records  viere  kept  of  the 
eggs  laid  at  each  temperature  and  of  the  performonce 
of  individual  beetles  and  are  given  in  Table  3, 

This  experiment  yielded  limited  but  fairly  defin¬ 
ite  information*  Temperatures  above  thirty-five  deg¬ 
rees  Centigrade  for  periods  of  twenty-four  hours  under 
the  humidity  conditions  which  prevailed  in  these  vials 
were  fatal  to  egg  laying  fem^iles.  Below  fifteen  deg¬ 
rees  the  beetles  became  sluggish  and  inactive  and  laid 
very  few  eggs*  The  greatest  impetus  to  egg  laying  was 
offered  by  temperatures  fifteen  to  twenty-five  degrees 
inclusive.  A  well  fed  female  beetle  laid  between 
one  hundred  and  five  hundred  eggs*  (In  1937  some 

females  used  in  the  oviposition  experiments  laid  over 
nine  hundred  eggs* ) 
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jEable  3. 

(Sggs  laia  by  IndiviluaX^Featlea  at  constant  tarap- 


aratures* ) 

Tarap  • 

m^tie 

|1 

2 

3 

4 

5 

6 

7 

S 

9  10 

30 

0  ^S*  “HF 

' 

~T 

— 

30 

laa 

21 

0 

0 

7 

1 

1 

lie 

X 

25 

248 

'12 

353 

140 

74 

1 

149 

114 

15  3 

20 

28 

0 

<70 

0 

0 

0 

0 

57  0 

15 

0 

0 

1S9 

12 

0 

0 

139  195 

10 

"  2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

35 

0 

0 

0 

0 

0 

30 

0 

0 

0 

0 

£5 

E2 

0 

19 

20 

2 

14 

0 

IS 

5 

125 

0 

10 

0 

0 

0 

6 

0 

0 

0 

0 

0 

Totals  471  IclS 

■'IT 

■■"TS^rST 

Tenmt 

11 

12 

13 

14 

15 

16 

17 

IB 

19  80 

35 

~T  “IT 

•~TJ  "T 

""TT 

“IT 

u  ^ 

30 

0 

72 

0 

0 

0 

3 

1 

0 

0  1 

25 

.  2 

65 

0 

4 

3 

3 

8 

31  320 

20 

62 

28 

26 

1 

4 

0 

70 

14  1 

15 

291 

66 

1 

0 

31 

42 

E 

0 

0  0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

35 

0 

0 

0 

0 

30 

0 

0 

0 

0 

0 

25 

30 

0 

16 

0 

0 

20 

0 

0 

12 

0 

0 

15 

? 

0 

0 

80 

0 

0 

1 

10 

23 

0 

0 

0 

0 

1 

0 

a 

0 

0 

0 

0 

0 

Totals 

415  231 

^  27 

5  156 

55 

81.  0 

46  322 
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Table  III  (oonVcl) 


7diu.p « 

21 

22 

23 

“ST 

25 

26 

~w 

28 

29 

30 

35 

“cr 

jy  r 

30 

1 

0 

1 

0 

225 

25 

74 

0 

131 

114 

15 

20 

0 

0 

0 

0 

1 

5 

15 

0 

0 

33 

0 

130 

74 

10 

16 

0 

0 

350 

0 

0 

0 

0 

0 

0 

0 

0 

8 

35 

0 

nr 

30 

0 

0 

0 

0 

25 

0 

1 

1 

13 

1 

20 

0 

0 

3 

4 

0 

0 

15 

0 

0 

0 

10 

0 

0 

0 

0 

0 

Totals 

9l 

XTTOT 

350" 

262 

TS5" 

3 

1 

0 

Tei!5)» 

31 

32 

33 

34 

35 

36 

38 

39 

40 

35 

30 

2 

0 

25 

0 

20 

0 

15 

0 

25 

10 

0 

16 

0 

8 

2 

0 

0 

35 

0 

0 

0 

0 

nr 

0 

30 

0 

0 

0 

0 

106 

0 

0 

25 

139 

2 

2 

0 

143 

0 

20 

0 

13 

0 

0 

0 

15 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

Totals 

0  141 

0 

56 

4 

1 

0 

249 

0  ™ 
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Tablo  S  (oontM) 


Temp « 

■  41 

43 

43" 

4'4' " 

^“"W” 

47 

48 

49 

50. 

HWMM.  n.iinmu^  <mmmm  m 

♦•V 

fr 

30 

0 

0 

0 

£3 

366 

0 

30 

0 

0 

15 

nr 

5 

10 

0 

0 

0 

B 

0 

35 

0 

0 

0 

30 

0 

0 

0 

0 

0 

35 

X 

1 

0 

0 

43 

so 

3 

93 

193 

15 

0 

0 

0 

0 

0 

10 

0 

1 

0 

1 

a 

0 

0 

4 

0 

0 

0 

¥oi¥i' 

B  5 

TT 

6 

0 

k  4 

6 

6 

Temi:)  era  tu  re  1  36 

Total  eggs; 

I'inmmvy^ 

"TW  5482 

HO 

684 

i 

18 

tP  0 

£^18  "  7 

Bote;  The  beetles  coafiaacl  at  forty  decrees  G*  for  the 

first  day  all  died  so  the  uae  of  that  .refrigorat-  ,.1, 
or  was  disooatinued*  The  conrjtanoy  of  tamperet*  |||j 
ure  'ln  each  refrigerator  was  ohocJkad  frora  time  to  mi 
time  by  meaas  of  theiwjeoters  kept  in  the  ohamb- 
■  era,  Tlth  the  exoe'-^tlon  of  the  one  set  to  run  at 
twenty  degrees  (eee  aboTo)  none  varied  more 
than  two  degrees  at  any  time.  The  twenty  degree 
refrigerator,  howevcir,  was  running  at  between  ten  ^ 
and  eleven  degroea  during  the  first  three  days  t  ' 
this  exT>arimont.  It  was  then  adjusted  and  ran  s! 
at  twenty  thoreafter«  During  the  first  three 
days  the  following  numbers  of  egga  wore  laid  at 
different  tineas  1,  1,  4,  0,  0,  0,.  0,  57,  0,  0, 

0,  50*  It  is  poealbX©  that  the  tempera turee  had 
varied  from  time  to  time*  Only  twer^ty-eight 
beetles  were  used  at  one  time  lut  as  they  died 
they  were  replaced,  fifty  in  nil  bain^T  used. 
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IV 

0B3SRV4TI0M3  ON  THK  ACTIVITY  OF  B;^I^TLF3  PLAC]&  OUT* 

3IDF  UNDSH  ;U 'PROXIMAT3LY  HOmAL  CONDITIONS. 

The  activity  of  beetles  placed  outside  under  approx¬ 
imately  normal  conditions  was  observed  in  a  few  inst¬ 
ances.  Beetles  kept  for  one  week  on  plastor*of~Paris 
in  the  insec tory  appeared  inactive  at  fifty- two  degrees 
Fahrenheit  but  became  active  when  disturbed.  A  light 
rain  had  just  begun  to  fall  and  the  surface  of  the 
ground  was  damp  and  at  a  temperature  of  about  fifty- 
four  degrees  on  June  5,  1936,  when  this  experiment 
began.  Two  female  beetles  were  pieced  under  the  shelt¬ 
er  of  a  piece  of  plaster-of-Paris  on  the  ground  out¬ 
side*  This  artificial  ^^rock^’  shelter  was  placed  in¬ 
side  the  rim  of  a  sunken  metal  cylinder  sixteen  inches 
in  diameter  and  projecting  two  inches  above  the  ground, 
(Plate  VII, a).  The  beetles  settled  down  and  remained 
quiet.  After  five  minutes  a  carabid  beiitile  had  also 
found  the  shelter. 

Two  male  beetles  treated  similarly  attached 
themselves  upsidedown,  to  the  under  side  of  the  shelter. 

Ten  minutes  later  one  female  came  out  on  top  of 
the  protection,  rested,  then  travelled  southeast  on  the 
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soil  surface  to  the  edge  of  the  cylinder  and  tried  to 
climb  out.  The  second  female  moved  about  freely  under 
the  protection.  The  males  moved  less  freely,  vihile 
one  female  continued  to  move  about  on  the  soil  the 
other  tunnelled  under  the  surface  of  the  soil  just 
beneath  the  protection  but  was  on  the  surface  again  in 
a  few  minutes.  'The  two  females  had  disappeared  by 
eleven  A.M.  and  a  robin  was  seen  searching  the  area  | 

for  food.  Ex8imination  in  the  evening  showed  both  males 
present  under  their  shelter  and  one  female  under  the 
other  shelter.  This  beetle  had  probably  been  below 
the  soil  surface  during  the  afternoon. 

June  6<  At  8530  A,M.  the  female  and  several  carab-  I 

iii 

ids  wei*e  still  present.  The  femle  had  the  tip  of 
her  abdomen  under  the  soil  surface.  The  two  males 
and  one  oarabid  were  under  the  other  shelter.  ^ 

June  7.  One  female  and  two  males  still  under  their  jl 
respective  shelters.  1 

June  8.  The  female  appeared  very  active  but  the  I 

males  were  dormant.  | 

Q  10 »  Beetles  rem&iined  as  before. 


I 


June^ll.  The  female  was  moving  freely  over  the  soil 
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which  was  still  shaded  by  a  nearby  hedge.  One  raale 
had  disappeared^  the  other  appeared  dormant. 

June  IS.  Both  males  were  gone,  one  female  present. 

A  light  shower  during  the  night  had  moistened  the  soil 
surface,  Escamination  at  noon  revealed  the  female  mov¬ 
ing  freely  about  on  the  soil  and  one  male  dead  in  an 
exposed  place, 

June  13.  The  day  was  cool  i|nd  cloudy;  the  female 
was  ag&in  under  the  shelter.  Another  male  and  another 
female  were  taken  from  the  rearing  jar  and  placed 
under  the  shelters.  One  hour  later  the  male  had  dis¬ 
appeared  but  the  female  remained  under  the  shelter. 
Examination  at  nine  P.M.  failed  to  reveal  the  female 
last  released. 

June  15.  All  beetles  had  disappeared. 

Though  these  observations  were  very  limited  they 
bore  out  the  observations  made  while  collecting  beetles | 
i.  ©♦  that  beetles  move  about  on  the  surface  of  the  soil 
to  a  certain  extent  but  that  the  amount  of  movement 
is  greatly  modified  by  surface  temperature  and  the 
condition  of  the  soil  with  regard  to  moisture.  Males 
only  however  had  been  found  moving  in  the  field  » 
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V 

miL  CCK30IIMTIQH  AND  XBPmi  OF  OVIFOSITIOH 

Th©  theory  had  lotm  been  held  at  th@  Uniwraity 
of  :\lb0rta,  and  ©laowhera,  that  soil  oonsolidetion 
sorioiisly  af  fee  tad  the  depth  to  ?rhioh  female  beetles 

burrow  in  order  to  plaoe  their  The  beetles 

show  no  Btnmtuml  iM^dlfioci-tiona  for  dii'iglng,  The 
delio  t@  eggs,  it  was  assuiied,  would  suffer  a  high 
mortality  from  deaalc-aticm  if  plooed  near  the  surface. 
It  therefor©  appeared  logical  that  control  might  be 
of fee tod  by  so  solidifying  the  soil  as  to  prevent  eggs 
being  placed  at  a  oafe  doi^th  and  thus  rat  sing  the 
mortality.  >Sxtansive  work  had  been  carried  out  by 
Professor  Strickland  on  this  phase  of  the  investigation 
{160,  161,  162)  but  results  were  discouraging.  It 
seemed  impossible  to  get  sufficient  beetles  to  lay 
eggs  to  a©0u,re  anything  like  reliable  result®.  A 
study  of  the  elaboro.t©  teolmlqiio  formerly  used  revealed 
no  apparent  oauo©  for  this  difficulty  and  for  the 
first  port  of  this  work  the  previous  method  of 
attack  was  adopted  in  Its  entirety. 

'■‘.Iro  cylinders  mad©  from  very  finely  irovcn  Goroen-^ 
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U.  of  Ae  1937. 

FIELD  CAGES 


1.  Complete  wire  guaze 
field  cage  with 
cloth  cover® 


2e  Romoving  earth  from  metal 
cylinder  by  forcing  it  up 
with  a  graduated  wooden  plug® 


3.  Structure  of 
wired  metal 
cylinder® 


4.  I  "manufacture  of  wire  guaze  field  cago. 
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wiro  wore  uaed  as  "field  cages",  (Plate  lY)*  Iti© 
bottoraa  ware  plugged  with  hard  tat^pad  Edmonton  aoil 
previously  elfteci  and  moietanad#  Tlia  cages  war©  p^de 
by  cutt'ing  strips  of  tli©  screen  wire  tliroe  tiiohes  v/ide 
and  ti'-iO  length  of  the  desired  cagCi  Tbls  was  thon 
rolled ,  around  a  steel  cylinder  onm  inch  in  diameter  and 
tlm  whole  inserted  into  a  piece  of  pipe  which  acted  as 
a  tight  fitting  sleova»  'fhm  steal  cylinder . with  the 
wire  wrapped  around  it  wa,s  then  pulled  out  one  inch  at 
a  time  and- the  screen  tied  at  these  inch  intervals 
with  strong  cord.  1^©  result  was  a  one  inch  wire  cylind¬ 
er  into  which  the  eteel  cylinder  used  in  malciEg  it 
would  slip  snugly  but  easily*  Any  cages  into  whioli 
this  stool  rod  would  not  drop  freely  were  discarded-  or 
remade.  These  field  cages  were  then  plugged  and  grad¬ 
uated  with  a  grease • pencil  at,  1.5",  2.0",  5*©",  4.5", 
5.5".  and  6*5"  above  the  earthen  plug*  Firiely  sifted 
ovlposltlon  soil  of  moisture  content  about  ten  percent 
(of  the  oven  dry  weight)  was  then  introduced  with  a 
spoon  into  the  cage  being  prepared  until  ail©f  gently 
tappiwkg  the  aide  of  th©  cage  with  a  finger  the  soil 
level  settled  to  the  one  end  on©  half  inch  graduation. 
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The  Cage  was  then  held  upright  on  a  fim  bench  and  a 
two  pound  steel  rod,  one  inch  in  diameter,  allowed  to 
drop  once  through  a  distance  of  one  inch  onto  the  sur¬ 
face  of  the  contained  soil#  The  cage  was  then  filled  to 
two  and  one  half  inches  and  the  process  repeated,  then 
to  throe  and  one  half  inches  and  the  weiglit  again 
dropped#  Loos©  soil  was  added  on  top  of  the  consolid¬ 
ated  to  raise  the  soil  level  to  S,5’%4#5” 6,5^ 
respectively  according  as  the  cage  was  to  belong  to 
series  A,  B,  C,  or  D#  consolidation  forraula  was 

adopted  after  much  preliminary  experimentation  to 
secure  one  that  would  give  a  satisfactory  gradient  of 
consolidation  and  sufficient  unifoirolty  in  the  differ¬ 
ent  cages# )  The  degree  of  consolidation  of  the  soil  ' 
secured  was  tested  by  means  of  the  tester  earlier  devis¬ 
ed  by  Stricklaud.  Consolidation  was  thus  tested  by  the 
depth  to  which  a  sharp  point  would  penetrate  into  the 
soil  when  driven  by  a  known  weigiit  placed  on  the  coll¬ 
ar  of  a  free  sliding  rod  (Plates  7  and  TIII,b)#  This  ' 
mechanism  is  without  doubt  far  superior  to  the  type  of 
which  depends  on  a  spring  to  register  resistance. 

Tliirty-six  cages  of  each  series,  as  outlined  above 
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were  irianufactured  and  set  out  between  June  7  and  10, 
1936.  Twelve  of  each  series  were  placed  in  the  insec t- 
ory  (typical  of  sunorae rf allow ) ,  twelve  in  heavy  couch 
grass  sodj  and  tv/elve  among  the  head  rows  of  a  fall 
rye  plot.  Later  it  was  felt  that  the  dry  hot  soil  sur¬ 
face  without  the  normal  protection  offered  by  rooks, 
sticks,  etc^  might  have  something  to  do  with  the  few 
poor  results  previously  obtained.  An  attempt  was 
made  to  ascertain  whether  or  not  this  assumption  was 
correct.  More  cages  of  each  series  were  manufactured 
and  three  of  each  series  set  in  each  3ocation  with  the 
surface  of  their  contents  one  inch  below  the  surface 
of  the  surrounding  soil.  (All  cages  were  set  out  by 
first  making  a  hole  in  the  soil  to  the  required  depth 
with  an  auger  and  then  inserting  the  cage  but  all 
cages  set  out  previously  had  been  placed  with  the 
surface  of  their  contents  flush  with  the  surface  of  the 
surrounding  soil. ) 

Still  another  attempt  to  get  at  this  problem  was 
made  by  moans  of  an  apparatus,  devised  with  the  assist/ 
ance  of  Profes  or  Strickland,  which  allowed  a  measure  of 
control  of  the  moisture,  temperature,  and  consolidation 
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gradients*  The  apparatus  consisted  of  two  sheet  metal ^ 
cylindrical  tanks ^  three  feet  deep  by  sixteen  inches  in 
diameter*  These  tanks  were  supplied  with  plaster-of« 
Paris  bottoms  to  allow  moisture  to  move  upward,  holes 
were  bored  at  one  inch  intervals  from  the  top  to  a  depth 
of  twelve  inches  to  allow  for  the  lateral  insertion  of 
thermometers  and  the  both  tanks  were  set  into  a  sheet 
metel  trough  fourteen  inches  deep  and  divided  into  two 
compartments,  one  for  aacn  tank*  Over  one  cylindrical 
tanlc  was  suspended  an  electric  heating  elemfant  surroun¬ 
ded  by  an  asbestos  cone  and  mounted  on  an  adjustable 
pulley  so  that  the  heiglit  might  be  regulated.  The  eyl« 
inders  were  then  filled  with  sifted  Edmonton  soil  end 
the  outside  rectangular  tank  partially  filled  with 
water ^  (Plate  VII,a)»  This  apparatus  was  fitted  up  in 
the  horticultural  root  cellar  where  the  teranerature 
was  fairly  constant.  Preliminary  detersii nations  of 
the  temperature  and  moisture  gradients  available  by 
the  use  of  this  apparatus  were  made  and  the  results  are 
given  in  Table  6  along  with  those  actually  secured 
during  the  experiment®.  Ik>th  teraperature  and  moisture 
gradients  were  secured  and  as  the  season  was  progressing 
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r^pidlj^'  it  waa  decided  to  proceed  vdth  the  experiments 
at  once*  On  June  IV j  1936 j  the  distance  from  the  water 
level  in  the  trough  to  the  soil  surface  in  the  tanlcs 
was  adjusted  to  tvwnty  inches,  the  height  of  the  lamp 
was  fixed  and  Falireheit  themoaeters  introduced  at 
one  two  and  four  inches  below  the  surface#  On  June  18, 
the  water  level  was  raised  two  inches  and  six  of  series 
A,  B,  G,  and  D  field  cages  were  introduced#  It  iras 
considered  that  moisture  and  temperature  coiiditioas 
were  stebilis^ed  by  June  SS  and  on  that  day  five  cages 
of  each  series  ?fere  stocked  with  one  female  beetle  each. 
Moisture  determinations  and  egg  records  ?/ere  made  after 
the  cages  were  removed  on  June  30#  On  July  4,  1936, 
five  more  cages  of  each  series  were  set  in  each  tcnk  and 
five  six  and  one  half  Inch  cages  containing  loose  soil 
on  top  of  a  hard  plug  mere  also  added.  Two  cages  of 
each  series  were  stocked  on  July  6  and  tlse  teiriperature 
at  the  surface  lowered  to  prevent  casual  ities  if  possible. 
These  were  exarninad  July  20.  The  five  booties  which 
remained  alive  ifere  placed  in  loos©  soil  cages  in  the 
tanks  and  left  until  August  4.  Ill©  three  beetles  placed 
in  the  heated  tank  died.  The  remaining  two  be  ties 
were  returned  to  the  uhheated  tank,  one  died,  one 
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escaped  and  one  remined  alive  on  September  30. 

It  was  June  22  before  the  weather  conditions  in 
1936  appeared  sufficiently  settled  to  make  it  wise  to 
stock  the  field  cages  which  had  been  placed  outside. 

At  that  time,  a  clear ^  windy,  warn  day,  one  fem.le 
beetle  was  placed  in  each  of  six  cages  of  each  series 
in  each  location  (fallow,  sod,  gro?ring  crop)  and  In 
one  of  each  series  in  each  location  of  the  cages 
sunken  with  the  surface  of  their  contents  below  that 
df  the  surrounding  soil,  fhe  beetles  were  taken  from 
the  storage  refrigerator  which  had  been  running  at 
eiglit  degrees  Centigrade.  (After  a  beetle  was  introd"* 
uced  into  a  cage,  the  cage  was.  covered  with  a  piece  of 
cotton  held  on  by  an  elastic  band,  Plate  ¥11, b.) 

The  second  spring,  1937,  t?/enty  cages  of  each 
series  were  placed  in  the  insectory  on  May  21  together 
with  ten  cages  containing  six  inches  of  loose  soil  on 

top  of  a  hard  plug  and  labelled  Series  B.  All  cages 
were  set  in  '^sui-omerfalloW*'  and  in  view  of  the  results 
of  the  previous  year  all  were  sunken  with  the  surface  of 
their  contents  below  that  of  the  surrounding  soil,  six 
cages  of  each  series  were  stocked  with  beetles  on  June  8 
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and  examined  on  June  29. 

?/hen  each  series  of  cages  was  manufactured  five 
or  more  extra  cages  were  made  and  selected  at  random 
to  be  tested  and  serve  as  checks  on  the  uniformity 
of  consolidation  being  secured*  The  results  of  these 
tests  are  set  out  in  Table  4  along  with  the  results 
of  similar  tests  run  after  each  series  had  become  stab¬ 
ilised  with  the  moisture  of  the  soil,  results  of  tests 
run  after  rainsto3?ms,  results  of  tests  run  just  before 
cages  were  stocked  with  beetles,  and  results  of  tests 
run  just  before  the  beetles  were  removed  from  the  cages. 
The  number  of  beetles  used  in  each  experiment, 
the  depth  at  ?/hich  eggs  were  laid,  the  period  of  the 
experiment,  and  notes  on  conditions  at  the  time  are 
all  given  in  Table  5>  The  results  of  soma  previous 
experiments!  v/ork  along  the  same  line  are  also  included 
for  comparison. 

A  glance  at  the  tables  Indicates  tlB  t  at  no  time 
during  these  experiraents  did  any  beetle  burrow  down 

into  soil  which  offered  a  resistance  of  three  pounds 
or  more  to  the  tester  used*  It  ims  felt  that  in  1936 
this  may  been  due  to  the  very  hi{^h  temperatures 
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Table  4. 

( aONSOLI  DlfToFT-i^ STS ,  ) 

A.  'Pests  made  on  olieck  cages  of  each  series  used  for 
field  e3q)erim0nts  in  1936,  when  cages  were  first 
filled. 

(Miunfeers  in  the  table  give  the  depth  in  inches 
below  the  surface  to  which  the  tester  sank 
?/ith  the  addition  of  each  wei^ght.  Distances 
were  measured  to  the  nearest  quarter  inch# ) 


series 

A. 

(June 

5  5) 

v:eiglit 

used  * 

0 

1 

2 

Gaga 

1 

1.25 

TTSE 

fff 

2 

0.50 

0.75 

1.00 

ti 

3 

1.00 

1.00 

1.25 

tf 

4 

0.75 

0.75 

1.00 

n 

5 

0.25 

0.50 

0.75 

Series 

B 

(June  9) 

Cage 

1 

1.50 

1.75 

2.00 

ti 

2 

1.75 

1.75 

2.00 

w 

3 

1.50 

1.50 

1.75 

TI 

4 

1.50 

1.50 

1.75 

(June  10  -  17) 

It 

1 

1.75 

2.00 

2.00 

ft 

2 

1.75 

1.75 

2.00 

f? 

3 

1.50 

2.00 

2.25 

tt 

4 

1.50 

1.75 

2.00 

tf 

5 

1.50 

1.75 

2.00 

(June  11  -  17) 

ft 

1 

1.25 

1.25 

1.50 

tf 

2 

1.25 

1.75 

1.75 

ft 

3 

1.50 

1.75 

1.75 

tt 

4 

1.50 

1.50 

1.75 

tt 

5 

1.25 

1.75 

1,75 

Series  C 

(June  9  - 

10  ) 

Cage 

ft 

1 

2.75 

3.00 

3.00 

2 

2.50 

3.00 

3.00 

tf 

3 

2.50 

8.76 

3.00 

ft 

4 

2.50 

2.75 

2.75 

ft 

5 

2,50 

2.75 

3.00 

ft 

6 

1.50 

2.75 

3.00 

ft 

7 

2.25 

2.50 

2.75 

ft 

8 

2.50 

2.75 

3.50 

n 

9 

1.50 

2.50 

2.50 

"  10 

1.50 

2.50 

2.50 

#2 

<0 

4 

5 

6 

7 

TTm 

Y. 

,75 

rro 

IS" 

3, 

w 

1. 

00 

1. 

50 

2. 

00 

2. 

00 

3. 

00 

1. 

50 

1. 

75 

2. 

00 

« 

,25 

1 . 

00 

1 . 

25 

1. 

25 

1. 

50 

3. 

00 

0. 

75 

1. 

00 

1. 

25 

1. 

50 

3. 

00 

2. 

25 

2  . 

75 

3. 

75 

4'. 

£5 

4. 

50 

2. 

25 

2. 

75 

3. 

00 

4. 

25 

4  c 

50 

2. 

00 

2. 

75 

3. 

50 

'3. 

nrr. 

4« 

00 

1 . 

75 

2, 

50 

2. 

75 

4. 

25 

4. 

50 

2. 

25 

2. 

50 

3. 

75 

4. 

75 

4qi 

,75 

p 

. 

50 

2. 

50 

2  . 

75 

4. 

50 

4. 

50 

2. 

25 

4. 

00 

4. 

75 

4. 

75 

4. 

75 

2  « 

00 

2. 

50 

3. 

75 

4. 

,75 

4. 

75 

2. 

00 

2. 

50 

4. 

00 

4. 

75 

4, 

75 

1. 

75 

2. 

25 

2. 

75 

4. 

75 

4. 

75 

iiJ  • 

00 

2. 

50 

2. 

75 

3, 

75 

4 . 

75 

2. 

00 

2. 

00 

2. 

50 

4, 

50 

4. 

75 

1. 

75 

P 

^  n 

50 

2. 

75 

4. 

75 

4 . 

75 

2. 

00 

2. 

50 

2. 

75 

4. 

75 

4. 

75 

3. 

25 

3. 

75 

4. 

00 

5. 

50 

5. 

50 

3. 

25 

3. 

75 

4* 

00 

5. 

50 

5. 

50 

3, 

25 

3, 

75 

5, 

25 

5. 

50 

mJ  9 

60 

3. 

00 

3. 

25 

3. 

50 

4  « 

75 

25 

3. 

50 

4. 

50 

5. 

00 

5. 

25 

5. 

25 

3. 

00 

3. 

25 

3. 

75 

5. 

50 

— 

75 

3. 

00 

3. 

50 

fmm 

0. 

00 

9Bmmm 

3. 

75 

4. 

50 

5. 

00 

D  • 

00 

9m 

-- 

2. 

75 

3. 

50 

3. 

75 

5. 

50 

— 

— 

3. 

25 

3. 

75 

5. 

00 

5. 

00 

am 

— 
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ieries  D*  Table  4  (oont*d)» 


iiscd 

0 

— 3. 

2 

— T* 

4 

5 

6 

7  lbs 

Cage 

I 

3.26 

2.75 

3.75 

4.00 

5.50 

6.00 

6.25 

6.25 

fi 

2 

3.25 

3.75 

3.75 

4.00 

4.50 

6.00 

6.25 

6.25 

3 

3.75 

3.75 

3.75 

4.25 

4.25 

5.00 

6.75 

6.75 

'f 

4 

3^J00 

3.50 

3.75 

4.00 

4.25 

4.75 

6.00 

6.25 

5 

1.75 

3.75 

4.00 

4.25 

5«75 

6.25 

6.50 

6.50 

Si 

.  6 

2.25 

3.75 

4.00 

4.00 

4.25 

6.00 

6.25 

«  . 

7 

3,50 

3.76 

4.00 

4.25 

4.75 

6.00 

6.50 

6.50 

Sf 

•  8 

3.75 

3.75 

4.00 

4.00 

4.25 

4.75 

6.50 

6.50 

n 

9 

2.50 

3.50 

3.75 

3.75 

4.25 

5.00 

6.60 

6.50 

10 

2.00 

3.75 

4,00 

4.00 

4.25 

4.50 

6*50 

6.50 

!T 

11 

2.25 

3.75 

4.00 

4.00 

4.25 

4.  50 

4.75 

ft 

12 

2.26 

3.75 

3.75 

4.00 

4.00 

4.75 

6.50 

..  —  « 

tt 

13 

2.75 

3.75 

3.75 

4.00 

4.30 

4.75 

6.50 

ft 

14 

3.25 

3.60 

4.00 

4.75 

Note ;  Betfieen  June  IS  and  tests  were  Bade  on  the 
oviposition  soil'  whiob  shO"ed  its  f/ater  hold¬ 
ing  capacity  to  be  between  42 « 2  and  44.9  per¬ 
cent  of  its  oven  dry  weiglit;  the  moisture 
content  of  air  dry  samples  to  be  betfieea  1,45 
and  1*36  percent  of  its  oven  dry  weight;  and 
the  moisture  content  of  .aiAXture  used  in  the 
cages  (?;hich  was  stored  in  sealed  mason  Jars) 
to  be  10*3  percent  of  the  oven  dry  weight. 


On  ^une  18  after  three  days  of  shower  and  rain  two 
cages  ware  tested  in  the  fiild  -for  consolidation. 

As  had  been  the  case  during  previous  work  the  isoist** 
lire  had  temporarily  destroyed  the  consolidation. 

Series  A  0.50  1.25  3.25  3.25  - -  — — - 

3erfes"1  2.00  3.75  G.25  6.26  6.25  6.25  6.25  6.25 


On  June  80  tests  showed  that  the  oorisolldtitlon  was 
increasing  as  the  soil  dried  out  again. 

Jeries  A 


In  sod 

0.75 

In  f:;liOW 

1.00 

ieries  B 

In  sod 

0.25 

In  fallow 

e.25 

1.25  1.75  2.25 
1.00  1.50  2.75 

2.00  2.25  4.00 
0.50  1.00  1.50 


3.25  3.50  3.50  3.50 

3.50  3.50  3.50  3.50 

4.50  4.50  4.50  4.50 
3.75  3.75  3.75  3.75 
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Table  - 

4  (cont’d) 

• 

Series  0 

In  'sod' 

0*25 

2.00 

3.50 

5.25 

6.25 

6.25 

6.25 

6.25 

In  fallow 

2.50 

3.75 

5.00 

6.25 

6.25 

6.50 

6.50 

6.50 

Series  D 

In  sod 

6.35 

3.25 

^  npr 

4.25 

5.50 

6.25 

6.25 

6.25 

In  fallow 

0.25 

3.00 

3.75 

5.75 

6.00 

6.00 

6.00 

6.00 

In  fallow 

2.50 

3.75 

5.00 

6.25 

6.00 

6.00 

6.  so 

6.50 

Ancth/^r  sat 

of  te 

Sts  was  run  on  . 

June 

22  just  prior 

to  ^toclfing 

the  Cl 

B.g0S  ■ 

with 

beetles 

Series  A 

From  rye' 

0.50 

1.00 

1.25 

1.50 

1.75 

2.00 

2.75 

3.00 

From  r^© 

0,75 

1.25 

1. 50 

3.25 

3.25 

3.25 

3.25 

3.25 

From  rye 

0.25 

0.50 

0.75 

1.75 

1.75 

3.00 

3,25 

3.25 

from  fallov^- 

0*50 

1,00 

1 .  25 

3.50 

3.50 

3.50 

3.50 

3.50 

From  sod 

0.85 

0.75 

1,00 

2.75 

2,75 

4.00 

4.00 

4.  00 

From  sod 

0.85 

0.75 

1.00 

2,75 

2.  75 

4.50 

4  9  OO 

4.50 

Series  .B. 
From  fallow 

1.25 

1.50 

£.25 

4.00 

4.00 

4.00 

4.  00 

4.00 

From  fallow 

0.50 

0.75 

1.25 

3.00 

3.00 

3.00 

3.00 

3.00 

From  sod 

1.00 

1.50 

1,75 

4.75 

^  0 

4,75 

A  fj  5.’; 
T6  •  <  O 

4.75 

From  r:/e 

1.25 

1.50 

1.75 

3,00 

• . 

4.25 

4.25 

Series  C. 

From  fallow 

1.50 

2.50 

3.50 

5.50 

5.50 

5,50 

5.00 

5.50 

From  sod 

1.00 

8.50 

2.50 

7.50 

3.50 

• 

o 

o 

5.25 

6.25 

From  sod 

1.00 

2.50 

2.  50 

3.00 

4.00 

4.00 

5.50 

5.50 

From  rye 

2.50 

2v50 

2.75 

3.25 

5.50 

5.60 

5.50 

li  rom  rye 

1,75 

2.25 

■2,25 

2,50 

3. CO 

3.50 

3.75 

5.25 

Series  D. 
From  'fallow 

e.75 

3.25 

5.25 

6 .00 

e.oo 

6.00 

6,00 

6. 00 

From  sod 

0.50 

3.25 

^ 

4*  25 

5.75 

6.25 

6.25 

6.25 

From  rye 

3.00 

3.25 

3.25 

3.50 

3.50 

4.25 

4,25 

4.50 

Frora  rye 

X .  00 

3.50 

3.50 

3.75 

kJ  11^  i 

4.00 

4 « 00 

4.00 

A  final  set  of  tests  was  made  after  June  24  when  the 
beetles  were  removed  fa7om  the  cages. 

Series  A  (from  fallow) 

1.50  1.75  2.00  4.00  4.00  4.00  4.00  4.00 

1.00  1.25  1.75  2.25  3.00  3.00  3.00  3.00 

1.50  1.50  1.75  2.75  3.25  3.25  3.25  3.25 


37 


LIFE  HISTORY  AHD  COIITHOL  OF  v/TRTSWOMS 

— M— Owm— 1— j«im  ii  iw«M<w  Ji— iKM— ft  tcjw, v^M.tak.y  f«iiia<^ 


Series  A 


Series  3 


Series  C 


Series 


'Mble  4  (cont’d) 

.  ilMMili  !■  Ill  I»I  ■ajt  I 

{from  sod) 


1.00  1,85 

1.60 

1  •  75 

i.?r) 

1*75 

2.00 

2.50 

0.50  1.50 

£  4  £o 

2.75 

».oo 

3.25 

3.25 

3.50 

0.50  1,50 

£.00 

£.50 

?..75 

3.00 

3.25 

S.50 

( from  rye ) 

0.75  1.85 

1.75 

1.75 

1.V5 

2.00 

£.00 

2.50 

0.75  1.00 

It  75 

2.00 

2.85 

2.75 

3*25 

3.25 

1,00  1.26 

1.75 

1.75 

2,00 

2.75 

3.00 

3.25 

(fi^om  fallow) 

1.85  1,50 

1.75 

4.26 

4.  £5 

4.£b 

4.25 

4.25 

1,50  1.V5 

^“2  ft  00 

£.25 

€.50 

4*50 

4.50 

4.30 

1.50  4, K5 

4. £5 

4.23 

4^25 

4.23 

4.25 

4.25 

(from  sod) 

1.60  1*75 

2*00 

o  *  00 

3.75 

3.75 

o 

o 

. 

€.50 

0.50  1.50 

1*75 

3.75 

4.75 

4n,  «M* 

0.75  1.50 

1*50 

1.50 

1.75 

2*25 

3.75 

4.25 

(from  rye) 

1.75  8.00 

2,00 

£.00 

£.25 

£.25 

2.75 

3.25 

1.75  1.75 

1.75 

2.00 

2.00 

2.25 

2.75 

3.00 

1.75  1.75 

1.75 

2.00 

2.00 

£.75 

3.00 

3.25 

1.75  1,75 

1.75 

2.00 

o  .  9cs; 

2,75 

<7  OK 

(from  fallow) 

2,50 

5.25 

5.25, 

5.25 

5*E5, 

3.B0 

5.25 

£.0-.,  3.50 

3.75 

5.25 

5.26 

5.26 

tri  OK 

V  « 

£.£5  S.E5 

5.25 

5.25 

5.25 

5.25 

5.25 

«y  a  .iJtjr' 

2*25  5.2  5 

5.25 

5.  5 

6.  £5 

5g25 

5,25 

5  >2  5 

(from  God) 

0.25  2. £5 

£.50 

2.50 

2.75 

3.00 

3.25 

5.75 

0.75  2.50 

£.75 

3.00 

3.50 

3.75 

4.50 

€.50 

1.00  £.50 

2.75 

3.00 

3.25 

3.75 

4.75 

4.75 

(from  rye) 

£.50  2,75 

£.75 

3,00 

3.00 

3.00 

3  . 

5.50 

1.00  £.75 

£.75 

£.75 

3.00 

3.50 

3.50 

£.50  £.75 

£.75 

3^00 

3.25 

3.50 

3.75 

4.00 

£.50  £.75 

2.75 

3.00 

3.00 

3*50 

4.00 

4.50 

(fi'rom  fallow) 

l.£5  3.75 

4.75 

6.75 

6.75 

6.75 

6.75 

6.75 

£.50  4.00 

6.00 

6.75 

6.75 

6.75 

6.75 

6.75 

1.50  3.75 

4.00 

6.75 

6*75 

6.75 

6.75 

6.75 

£.00  3.75 

6*75 

6.75 

6.75 

6.75 

6.75 

6.75 

(from  sod) 

4.75 

6.50 

l.£5  3.50 

3.75 

3.75 

4.00 

4.25 

l.£5  3.50 

3.50 

3.75 

4.25 

5*75 

5.75 

6.00 

1.00  3.00 

3.25 

3.25 

3.75 

4.00 

4.00 

6.00 

1 

1 
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Table  4  (contM) 

Sorlea  D  { f ron  ryoT 

3*50  3*75  3*75  3*73  4*00  4.50  5.75  0.50 

3.75  3.75  3.75  4.0  4.00  4.00  4,50  4.75 

3.35  3.75  3.75  4.00  4.00  4.00  4.50  4.75 

3.25  3.25  5.50  3.50  3.50  3.7  3.75  4.25 

3.25  3.50  3.75  4.o0  4.75  5.00  5.75  6.75 


similar  taste  wai*e  on  obaok  c-iros  from  tbo  series 

manufactured  for  use  in  the  controlled  trinperature 
apparatus  and  aa  ’^sunken"  Oi^goa  out  si  do.  The  first 


teats  wore  mde.  at  the  tivim  of  mnufaeturc. 


■ieriea  A 

0.50  0.75  0.75 
0.50  0.50  0.75 
0.75  0.75  1.00 
0.50  0,50  0.75 

Jeriea  B 

1.25  1.50  1.50 
1.25- 1.50  1.75 

1.25  1.50  1.75 

.jories  C 

1.00  2.50  2.50 

2.25  2.50  2.50 

1.25  2.2©  2.25 
2.50  2.75  2.75 

.Varies  D 

^  1.75  3.00  3.00 

1.25  3.50  3.50 
0.7©  3.25  3.2S 
1.00  3. 25  3.  ':0 


1. 

00 

1.25 

1. 

,80 

2. 

50 

3 

*7© 

0. 

75 

1.2© 

1, 

,50 

2. 

75 

3 

.30 

1. 

00 

1.50 

X, 

,73 

2, 

00 

3 

.75 

0. 

75 

X.uO 

1, 

,88 

7© 

3 

.50 

1. 

75 

2.00 

^  4 

p 

c.-# 

75 

3 

«  e^»Jf 

Jii. 

50 

1.75 

a, 

»25 

2. 

50 

3 

.25 

1. 

m 

2,00 

2< 

,50 

H. 

75 

3 

.25 

1  • 

75 

2,00 

2. 

,50 

S. 

73 

3 

.25 

a. 

00 

3.50 

3. 

,50 

4. 

00 

e 

.00 

£. 

70 

2. 75 

3, 

4:>o 

3. 

i-tfj 

5 

.75 

2. 

as 

2.00 

2, 

,7S 

3. 

25 

5 

.75 

5. 

00 

3.00 

4< 

,75 

6. 

00 

6 

.00 

3. 

a© 

3.00- 

3. 

,50 

«R»4M 

6 

.25 

3. 

70 

3.75 

3, 

,75 

4. 

50 

4 

.50 

3. 

50 

3.50 

3. 

.75 

3. 

75 

4 

.25 

3. 

75 

3.75 

4<i 

,2.^ 

4. 

50 

4 

.50 

Consolidation  testa,  were,  run  on  the  remainliu'-*  o  sa 
of  the  ^’stiiikerr*  type  in  tho  field  on  July  Oji'-©©. 
,agi.aB..A 

Fron  fr^'.llow 

1.2©  ' 2.00  2.75  5.00 - - - 

rom  aod  5  ^ 

"  0.75  1,00  1.50  r.  S.bO  S.  •J.bO 


^rom 


O.SCi  e.v,  {5.S5  2.5C  £.00  5.00  3.50  3. 75 


•  '  V  '  <*■''  '  ;  ' 


i 


« 


./V;*' 


•  \, 

•'  r 


V 


> 


"i 


\ 
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Table  4  ( contM ) 

Series  B. 


From  fallow 
0.50 

1.50 

1.75 

5,00 

From 

sod 

1.00 

1.75 

2,00 

2.25 

2.50 

1,75 

3.00 

4.00 

From 

rye 

1.00 

1.25 

1,50 

1.75 

2.00 

2.25 

2.50 

3.25 

Series 

From 

{ 

c. 

fallow 

0,00 

2,25 

2,50 

2,50 

2.75 

3,00 

3.50 

From 

sod 

0.2^ 

2,2-5 

2,25 

'2.50 

2.50 

2,75 

3.00 

3.50 

From 

rye 

2.00 

2.25 

2.25 

2,50 

2.50 

3.00 

3,00 

3.50 

Series 

From 

B. 

Tallow 

0.75 

3.50 

4.50 

5.00 

7.25 

0.75 

0,75 

1,00 

1.50 

2.00 

2.50 

3.00 

3.50 

From 

sod 

0.75 

1,00 

1.00 

1,50 

2.25 

2,50 

3.00 

3,50 

From 

rye 

1.00 

4,25 

4,25 

4,50 

4. 50 

4.50 

4.75 

5.50 

(In  many  l3ases  the  strings  holding  the  cages  to¬ 
gether  were  badly  rotted  and  broken,  especially 
on  the  cages  from  fallow  land) 


Consolidation  tests  at  the  end  of  the  experiment 
showed  the  high  moisture  content  of  the  soil  in 
the  tanks  to  ha¥e  greatly  reduced  the  consolidation* 
1.  Checks  from  heated  tank 

A.  ~  0-V^ . r.G'b"  2. bo"  4.50 - 

B.  1.00  1.50  2.50  4.50  - - - - — 

C.  0.75  2.50  3.50  5.75  - 

B.  0.50  3.50  6.75  6.75  - -  - - - 

£•  Criecks  from  unheated  tank. 

4.  O.bO  0.50  -0.75  1.. 50  3.75  — —  —  — 

B.  0.50  1.50  4.50  - - 

C.  0.75  2.50  5.50  — -  - - - 

D.  0.75  1.50  6.50  6,50  — — —  — - 
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Table  4  (cont*d)> 

Consolidation  che^s  We  re  al  &  on  the  second 

set  of  cages  prepared  for  use  in  the  control  ed  temp¬ 
erature  aynaratus,  July  4, 

Series  A. 


0.75 

0.75  1.00 

1.00 

1.50 

1.75 

3.75 

0.75 

0.75  1,00 

1.00 

1.50 

1.75 

3.75 

0.50 

0.75  0.75 

1.00 

1.25 

3.75 

3.75 

Series 

B. 

1.25 

1.75  1.75 

2 .  'jO 

2.75 

S.75 

4  •  50 

1.50 

1.50  1.75 

2.00 

2.50 

5.50 

4.50- 

1.50 

1.50  1.50 

1.75 

2.25 

2.75 

4.50 

Series 

C. 

2 

1.25 

2.50  2.75 

3.50 

4.50 

5,50 

5.50 

5.50 

1.50 

2.25  2.50 

2,75 

3.50 

4,75 

5.50 

5.50 

1.25 

1.50  1.76 

1.75 

2.00 

3,76 

4.75 

5.50 

1.50 

2.50  3.00 

5.50 

5.75 

i.50 

5,50 

5.50 

Series 

D. 

2.00 

3.75  3.75 

3.75 

4.00 

4.75 

6.50 

1.75 

3.50  4.00 

6.75 

0.75 

6*7y 

- - 

3.50 

3.50  3.75 

4.00 

4.50 

6.00 

6.00 

1.25 

3.25  3250 

5.50 

3,75 

4.00 

4.50 

6.50 

Alnother  series 

of  cheek  cages 

?^ero 

tested  at 

the  time 

of  tbe 

of  the  cages  from  the  tanks. 

(cages 

from  heated  tank) 

S^Mes 

A. 

0.25 

0.50  1.50 

3.50 

0*25 

0.50  3.25 

3.50 

Series 

B. 

1.75  3.75 

4.50' 

0.50 

1.75  3.75 

4.75 

Series 

C* 

0.75 

2.75  5.50 

1.25 

2.75  5.50 

Series 

D. 

^  0.50 

0.75  3.50 

0.2§ 

3.75  6.75 

.  *  «M  mm  ma0 

— • 

(Cages 

from  unlieated  tank) 

Serle  s 

A. 

0.60 

1,50  4.25 

- - 

—  - 

0.25 

0.75  3.50 

- - - 

-  - 

Series  B» 


0.50  1.50  4.25 


I 


I 


I 

i 


41. 


LIFE  HISTORY  AHD  CONTROL  OF  aREWOMS 


Table  4  (cont* d) 

Series  3.(cont*d) 

C.50  1.75  5.00  - 

Series  C. 

1.00  •?.75  5.25  - - 

0*25  2.75  5.50  - -  » 

Series  D. 

1.00  3.75  5.50  6.50  - 

0.75  3.75  6.60  6.50 


Tests  on  cages  manufactured  in  the  spring  of  1957. 
Series  A. 


0.50  0.75  1.25 
0.75  1.  0  1.00 
0.50  0.75  1.00 
C»75  1.00  1.00 
0.75  0.75  1.00 

Series  B. 

1.75  2.25  2*50 
2.00  2.25  2.25 

1.75  2.00  2.00 
2.00  2.00  2.00 
1.25  2.00  2.00 

Series  C. 

3^00  3.00 
2.00  2.75  2.25 
l.uO  2.25  £.25 
1.25  2.50  2.50 
1.00  2.50  2.50 

deifies  D. 

^  2.75  3.75  3.75 

0.50  3.00  3.50 
1.50  3,75  4.00 

2.75  3.75  3.75 

2.75  3.75  3.75 


3.50 

3,60 

3.50 

3.50 

3.50 

1.00 

1.50 

C5i50 

1.75 

3.50 

vm  —  mm 

2.00 

5.50? 

- - 

«a» 

2  «  OU 

2.75 

3.50 

- - 

2.50 

3.25 

4.00 

4.50 

2.50 

3.00 

4.50 

— 

- - - 

2.25 

3.  to 

4.00 

4.50- 

—  - - 

3.25 

3.25 

3.25 

3.50 

2,25 

3.25 

4.50 

3.25 

3.75 

5.50 

3.25 

5.50 

— 

3.25 

3.25 

5.50 

- 

2.75 

3.50 

5.  so 

2.75 

4.75 

5.00 

5.50 

4.25 

6.50 

m»  mm 

3.75 

5.50 

6.50 

— 

4.00 

4.75 

6.50 

4.00 

5.75 

6.50 

- - - 

4:.  " 

-4.50 

6.50 

Test  ?  on  the  above  sages  at  the  time  of  examination 
July  19,  compared  vi?ith  tests  made  at  the  ^ime  of 
stocking  the  cages  indicate  that  the  continuous  dry 
vseather  raised  the  resistance  of  the  soil  to  penetr 

ation* 

1.  Tests  on  June  8,  before  stocking  c  ges. 

Series  A. 

- - - - 


V 


i 

i 


'  7' . ""  ■  ,  ■  '  ! 


'X 


A- 


■■  V  ...  'r'*‘ 


K'  v*  •♦v/W*«fTJVy» < ,  •■ 


■) 

S 

I' 

i 


t  * 


:‘K 

df 


’>  «  sityj.  •4'!*  ' 


1‘ 

y  My  •  ^ 
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Table  4 

(cent 

M) 

Series 

A. 

(cont 

’d] 

O.oO' 

0.50 

0.50 

1.00 

3.50 

«■>  turn 

mmmm 

Series 

B. 

0,00 

0.75 

0,75 

1.00 

2,50 

3,00 

4. 

8^0 

4, 

50 

0,00 

0.50 

0.75 

1.00 

2.50 

2.75 

3. 

25 

4. 

50 

Series 

C. 

0,25 

1. 50 

1.75 

2.00 

3.00 

5,50 

0.50 

2,00 

2.25 

2.50 

2.75 

5.50 

Series 

D. 

1,50 

3.50 

3.50 

3,75 

4.00 

4,50 

6. 

50 

1,75 

3,50 

3.50 

3.75 

4. 00 

4,50 

6, 

60 

... 

Series 

T? 

1#50 

6.00 

nr.*  Olt  4M»iwn» 

— 

. — 

mm  mm 

(it  was  found  difficult  to 

judge  fallen  the 

tester 

struck  the 

soil 

surfi 

ace  in  the  cages 

as 

it 

was 

below 

the  i 

surrovmding  soil  level. ) 

Tests  July  29 

j  at  • 

time  * 

of  examine- 

tion. 

Series 

A. 

0.50 

0.75 

1.25 

3.50 

3.50 

3,50 

— 

— 

— 

0.75 

1.00 

1.0 

1.00 

1.50 

<UM  WW 

0.50 

0.75 

1.00 

1.75 

3.50 

•w  am  *'«•  M. 

— 

— 

0.75 

0.75 

1.00 

2.00 

2.75 

5.50 

«... 

— 

Series 

B. 

1.75 

2.25 

2.50 

2.50 

3,25 

4.00 

4. 

50 

rnm-mm 

2.(;0 

2.25 

2.25 

2.50 

3.00 

4.50 

1.75 

2.0002.00 

2.25 

3,00 

4,00 

4« 

50 

— 

2.00 

2.00 

r)  on 

%  on 

tJ  • 

3.25 

3  ,  i!a  5 

3. 

50 

1.25 

2.00 

2.00 

2.25 

4.50 

rnmmm 

«• 

mm  mm  • 

Series 

C. 

1.75 

5.00 

3.00 

3.75 

5,50 

«« 

mm  mmt  • 

-- 

2^-00 

2.75 

2.75 

3,25 

5.50 

ma-mit  «■»  mm 

rnrnmm 

mm  mm 

1,00 

2.25 

2.25 

2 . 50 

2.75 

5.50 

•am  MM 

mm  mm 

— 

1.25 

P.50 

2.75 

o  ry  R 

«...  f  *j 

4,75 

5.00 

5. 

50 

1.00 

2.50 

2.50 

2.75 

3.50 

5.50 

mm  -uM 

mm  mmi 

•mm» 

Series 

D. 

2.75 

3.75 

3.75 

4.25 

G.50 

— 

0,50 

3.75 

**2  T7CZ 

«t5  «  f  S) 

3.75 

5.50 

6.50 

mm  am 

1.50 

3.75 

4.00 

4.00 

4.75 

6,50 

— 

- — 

mm  am 

~ 

2,75 

3.75 

3.75 

4.00 

5,75 

6.50 

mm  mm 

mm  mm  . 

— 

2.75 

3.75 

3.75 

4.00 

4.50 

6,50 

<K»  mm 

«t»  mm 

«r»  mm  < 

mm  mm 

i 
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Table  4  (oont*d) 

Sainj)!©  consolidation  tests  have  bevon  selected  from 
records  of  past  ex e  i  ^ents  the  results  of  which 
are  give  in  Table  5  ^  the  tests  ap  ear  below. 


oories  F,  1928 

0TWTT*75  1.50 
Series  1926 

1,50  T. 75  2.25 
Series  H,  1928 

ir5(r^»25  2,50 
Series  Al,  1930 

ff,75T.25  2,25 
Series  A2e.l930 

1,50'  '2, GO  3.50 
Series  Bl,  1930 

0.50~^75  1.00 
Series  31,  1930 

“  I7oFX“50  1,50 
Series  3^  1930 

TL,£Sr.25  2.85 
Series  F8,  1930 

Series  01,  1930 

~  0,75  E.OO  8.50 
Series  III.  1930 

l.ooTTso  H.oo 

Series  Jl,  1930 

U7^Q~U'^75  1.50 
Series  J2,  1930 

IJTBiTTroo  1,50 


1.75 

3.25 

3.76 

4.00 

---- 

2,50 

3,00 

4.50 

5,50 

— 

3,00 

3.50 

5.60 

— 

2.50 

2.50 

--- 

mm  mm  rnmtm 

3.50 

3.50 

mma,  — 

mm  mmmm  mm 

2.25 

2,25 

2.50 

2.50 

mmmm  »■  — 

1.75 

1.75 

2.25 

— 

2,25 

8.50 

2,50 

3.50 

mm  mm  mm  mm 

4,00 

4,30 

mmr  mm  «m»  mm 

— — - 

3,25 

3,50 

tm  mm  mm  mm 

2,50 

3,50 

3.75 

3.75 

----- 

2,00 

3,00 

3,00 

3.00 

2,25 

2,75 

3,00 

3.50 

4.00 
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3.0  TOre  listed  to  inilcat?:’  tha  sane  oil  Ion 
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1,76  s,oo  n»m  a,60 

Ibis  1,S6  1*6©  1,75 
l,i0  1,76  a,{>0  3,.i 

1.76  S,O0  0,60  3,7i 

1,46  1,46  1.80  1,76 
4,60  3,76  3,00  S,:J6 

3.76  3,76  4,00  4*78 

1.76  3.76  0*76  3,76 
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3,00  S,iO  0.7i 
a,E0  0,76  4.4E 
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6,78  6.36  6,78 
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0,00 
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4.76 

6.00 

4,00 
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6.76 

1.36 
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§«ts.oli.«atl<m  toetB  aftar  tto:-:®  we^o  of  dry  wnEitasr 
sho^iiH  oo!iaoIi4ation  to  t>@  ntuming. 
ifff®a  failwt 

.ea  A.  i.§0  3..86  1.50  l,?r»  3.00  3.f6  3.00 

X.86  1.TO  3.36  4.00  4.00  4.00  4,00  4,<» 

'.'  1,60  3,60  3*60  6,60  6.«J  6*60  i.iO  6,60 

2*r  ''J*'®'®  O.-i  ®»ai  6.0®  6*'«  6.00  6.C30  6.00 

®»at8  oa  «tsf:es  rsiSsft  (3'ia3®  'Si4l 


1.80 

1.76 

3*00 

a#3@ 

6*36 

3*36 

3,86 

3,J8 

0,60 

1.S0 

3..'j8 

S,7g 

3*00 

3,36 

3,00 

n,m 

0,76 

1.36 

1,76 

1.76 

3*36 

3,76 

8,3® 

8.36 

I.SO 

ti.OO 

4.3® 

4*36 

««:80 

••60 

4,50 

4,60 

0.76 

1,76 

3,00 

®*76 

3*76 

4,00 

4.50 

1.78 

1,76 

3,00 

S*(» 

3*36 

8*76 

8,76 

8,36 

3,36 

6,60 

8.36 

8,36 

6.3i 

6.36 

6...J 

6.36 

0.76 

3,ao 

3,78 

3*05 

8*60 

4,:i0 

4*60 

«.60 

3*» 

i.7® 

4*00 

6,7® 

6*76 

6.78 

6.76 

6.78 

1*36 

3.80 

S*7i 

8,76 

4.00 

4.46 

4,7i 

6.00 

3.36 

8,76 

S.76 

4*00 

4.TO 

4.60 

4.76 

4,7® 

3,6© 

3.76 

3.78 

a.(K> 

3.00 

S.78 

3.76 

4.00 

?»  feats  m  ©age®  ftmi  Ctwtsrsllea  fmi^eratase  ApiiajKitae 
Tshm  Hiph  isatotwr®  ©eistent  ef  tb©  ©oil 

tefi  p»atly  waiaaed  tiwi  ©©wiell4Qt4««* 

(heated  !««&) 

0.26  0,60  &»m  3.S0  4i4%**44  jiftailt  a.iieiieee w..,,  mm 

r,  0,?6  1.76  3,T§  4.00  — —  . ■■  -  — 

■  0.76  2,76  mm»^ 

^  0.110  S.50  .IMH  '**'***'  «i*«»woei* 
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LIFE  HISTORY  AMD  CONTROL  OF  WIRfiWORIilS 


Table  5. 

A,  Oviposition  results  from  1956  field  experiments. 

(Cages  were  removed  from  the  ground,  the  strings 
cut  and  the  soil  core  carefully  sectioned  into 
one  half  to  one  inch  sections  which  were  either 
washed  and  examined  at  once  for  eggs  or  stored 
in  salve  tins  and  examined  later. j 

STCa^s  from  fallow.  { These  cages  had  been  set 
out  on  June  8,  six  cages  of  each  series  stocked 
with  one  female  beetle  each  on  June  2£,  and 
reexamined  on  June  24,  after  the  temperature  on 
the  surface  of  the  soil  had  risen  to  140  degrees 
F«  and  killed  most  of  the  bee'tles,  which  had 
crawled  up  the  sides  of  the  cages  to  avoid  the 
hot  soil  surface. ) 

Series  D. (Soil  in  cage  level  with  surrounding 
soil) 

i.  Depth  of  sample.  Eggs  found. 

STOO^  1.50”  —  16  (beetle  dead) 

ii.  0.00”  -  liOO”  2 

~"  b. Cages  from  sod.  (Cages  set  June  8  —  six  of 

each  series  stocked  June  22  examined  June  26.) 

Series  B.  (Soil  in  cages  level  ^fith  surrounding 
soil) 


i. 

Depth 

of  sample. 

Eggs  found. 

0.00” 

1.50”  — 

150 

1.50" 

2,00"  - - 

78 

2.00” 

2.50” 

0 

ii. 

0.00” 

oat 

0.50” 

8 

0.50” 

1.00"  - 

53 

1*00” 

- 

1.50”  — . 

0 

iiie 

0.00” 

O.bO"  - 

0 

0.50” 

1.00” 

450 

1.5C” 

2.00”  - 

22 

2.00” 

2.50” 

5 
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LIFii;  HISTORY  AND  CONTROL  OF  ’  .IRlSV/ORJilS 


Table  5  (oontM) . 


Series  0,  fsdil  in  cages  level  with  the  surround- 

ing  soil) 
i.  Depth  of  sample 

MBB  .. 

found 

5.00"  -  1.0(  "  - 

7 

(Beetle  evident- 

1.00”  -  2.25”  - 

390 

ly  stopped  by 

2.25"  -  3.50"  - 

3 

consolidation. ) 

il. 

0.00"  -  l-.OO"  — — 

90 

(No  burrowing 

1.00"  -  2.50"  - 

0 

below  2,5”) 

ill. 

0.00"  -  1.00"  - 

18 

1.00”  -  2.50”  - 

7 

2,50”  -  3.50”  — — 

0 

c. '.Cages  from  rye  plot.  (Set 

June  8 

—  mined 

■  Series  B,  ’  .June 

S6) 

‘  i* 

0.00"  -  1.00" 

30 

1.00"  -  1,50" 

1 

. Series  C.  " 

T. 

0.00"  -  1.50"  - 

8 

1.50"  -  2'.00"  - - 

0 

■  S^50”  -  3', 30”  '  — — 

4 

3,50”'  -  4.50” 

0 

Cages  with  soil  level  lower  than  that  of  the 
Isurroiaiding’  soTl'r”” 

3e  ri  e  s  ~  A  7^  Tx*rom  "‘fallow ) 

“‘‘TTOtF  «  0.50'^  0 

0.50"^  -  1.25”  10 

series  B.  (from  fallow) 

Beetle  alive  but  no  eg ’s  found, 

Series  C.  (from,  fallow) 

**  ^  0.5Q”  -*»«—  0 

0.50”  1#50”  •  1  (dead  beetto) 

Series  A.  ffrom  soSf 
O.CC”  -,0,30” 

0,50”  ^  1,00”  • 

1,00”  -  - 

2.50”  *  5.50” 


(no  penetration 
beyond  1”) 


J 


'b 


* 


■■yf. 


I 

I 
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LIFli;  HISTORY  /VND  COHTROL  OF 


Table  5  {oont^d). 

Series  B« 

-  0.50^  - 

•«  2*00»^  — 

-  S.OO” 

{frdm  sod) 

*-  1.0G’» 

«  2*00’’  - 

I  from  3od) 

«*>  1<|0U’’ 

-  2.00»' 

-  3,#5G^ 

n’TiWi  rye'^pToiTp 


0.00»’ 
0.50»* 
1.00** 
2.0  *’ 
Scries  G* 

1.00" 
series  D. 

“TuSIF 

1*00" 
E.v  0« 


109 

GO 

2 

0 

200 

2 


25 

50 


Series  B* 


OVOO"  -  l.C©”  - 

20 

l.OO"  -  1.50”  - - 

11 

1,50"  -  2.00”  - 

1 

Series  D.  (from  rye  plot) 

-  1,0C"  — •- 

0 

1.00"  -  2,00"  - - 

0 

2.00"  -  3.50"  — 

2 

Oviposition  results  from  1936  experiments.  In 

controlled  tempera t\xre  apparatus 

>  ♦ 

(First  axperiment  —  June  12 

to  June  30) 

a.  Oar.63  troM  lie^ited  tank. 

Series  A. 

b.OO"  -  1;00"  - 

0 

1.00"  -  2#00"  — — 

1 

Series  B. 

cT.oO"  -  1.00"  - 

II 

1.00"  -  2.00"  - 

3 

2.00"  -  3.00"  - - 

0 

Series  C. 

'~S7SU^  -  1.00"  - 

7 

1,00"  -  2.  0"  — 

0 

b.  Oa^es  from  unheated  tank. 

series  A. 

r;;  fTW’  -  i.oo"  — 

87 

1.00"  -  2,00"  - 

3 

a. 00"  -  3.50"  - 

0 
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Table  5  (contM). 


Series  A* 

li.'  £i"."OCiW' 

(coat’d) 

-  l.o6” 

74 

1.00" 

2.00” 

1 

Series  B. 

U 0.00" 

.. 

1.00" 

17 

1.00” 

2.00” 

ft? 

o 

ii. 

0.00" 

-> 

0.50” 

- - 

19 

0.50" 

1.50” 

x04 

1.50” 

• 

2.50  ” 

0 

Series  G. 

rr~OTF 

- 

1.00” 

99 

1.00” 

2.00” 

41 

2.00" 

3.00” 

0 

ii. 

0.00” 

- 

1.00” 

36 

1.00” 

- 

2.00" 

45 

2.00" 

- 

3.00” 

0 

iii. 

0.00" 

- 

1.00" 

15 

1.00" 

.. 

2.00” 

0 

series  D. 

t;  0.00" 

0.50” 

51 

0.50” 

1.00” 

•'*** 

18 

laent  July  ^  to  July  20) 

*1^0  of  '#soh  s  .rlss  were  uao4  iu  aiiCli  taulc.  In 

tiie  LeatoiS  tank  tho  um<rtlBa  diaU  rapidly  of  tlia 
imd  mo  wore  laid. 


0  9  ij  (} 


Series 


iWifriirriBi- ■ir'-- in-*---^—;' 

0 


1.50*’  «  I'!. 50"’ 

^  auliemted 

tT 


0 

4 


'wl»^ 

-  1.0 


5»!tik) 


l.OO"  -  *.00" 

K.OO"  -  3.00" 

jeriea  :4  iurilie|MiL..MBli 

0^00'^^ 


50 

1 

0 

(6"'  loi-^se  aoll) 

Iss 

4 
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Table  5  (oontjd). 

The  remaining  beetles  were'  p'laced  in  six  and  one 
half  inch  cages  of  loose  soil  and  tharee  such  cages  set 
in  the  check  tank  and  two  in  the  heated  teiik  on 
July  20.  On  July  31  the  be  ties  in  the  hooted  tank  were 
dead  and  had  laid  no  egfs*  The  unheatecl  tank  was  ininn- 
ing  at  62  de£T;r0es  F«  and  on  August  4  when  the  cages 
ware  removed  all  the  be  ties  were  alive.  Two  cages 
contained  eggs. 


First  cage. 

■~57smrr 

1.00" 

0 

1.00»’  - 

2.00*’ 

1 

2.00"  - 

3.00** 

5 

Second  cage. 


0 . 0  i  **  •" 

1.00" 

11 

1.00**  - 

2.00** 

3 

2.00**  « 

3.00*’ 

1 

49 


LI 


*rable  5  (  aont  ’  d)  ^ 

C.  ‘'fvlpo^iti^n  TQ I d  o:g>eriMerita» 


(Cares  ?5ere  all  aot  out  on  Hay  £1  with  the  surfaoe 
'f:<r  their  content B  about  one  inch  below  that  of  the 
ourrotmdinr  soli#  ?ix  cages  of  each  series  were 
stoekad  with  one  fernnle  beo-tla  each  (ni  June  B, 
and  all  ware  exatiilned  on  June  £9*  oil  were  in' 
fallow  land*  The  weather  during  the  entiro  period 
was  Yor:/  dry  and  hot*  An  all  time  record  for  air 
tainperature  in  'Edmonton  being  sat  on  June  £9  at 
99  degrees  F*  ^eYon  beetles  only  remalried  alive* 


Seri  :jb 

Doptfu 

- 

£*50’’ 


(I'lumber  of  sgga  oacurring  at  each  depth. 


Cage 

"'XToo’’ 

1*50« 

S*50*’ 

3*50’’ 


190 

0 

0 


fj^'b  ii 

a£ 

0 

0 


3 

0 

0 

0 


4 

5b 

55 

0 

0 


’Bi©  strings  ware  broken  on  #6  and  the  poasib- 
ilitiea  are  that  these  slid  dDw.n  filth 

tfia  (lust  from  the  topt 


3eri©s  B* 

CThJ^'‘T“i,o.O*’ 

ISO 

03 

61 

tfinle 

E0O 

189 

-  £*00« 

366 

377 

703 

£35 

£15 

2*00«  -  3«CKr* 

5 

26 

@ 

0 

■  13 

3.00’’  -  4,00’’ 

0 

0 

■  0 

0 

0 

4.00”  -  8,00" 
Sables  0* 

0 

0 

0 

0 

0 

a 

515 

0 

176 

329 

£06 

l.Ov”  -  g.OO” 

.31£ 

83 

0 

126 

£3 

432 

2,00"  -  3.00" 

0 

0 

0 

0 

0 

e 

3,00’’  -  4.00’’ 

0 

0 

0 

0 

0 

0 

4.00”  -  g.OO” 

0 

0 

0 

0 

•C 

0 

i^riea  0# 

- 

'-""l.OC” 

lost 

92 

0 

0 

200 

0 

1.00”  -  8.00” 

50 

38 

0 

0 

139 

340 

£.00 «  -  3.00’’ 

800 

47 

0 

0 

6 

£1 

3.0  ”  -  4,00" 

lost 

0 

0 

0 

0 

0 

4.00’’  -  5.00’’ 

lost 

0 

0 

0 

0 

0 

5.00’’  -  6.50’* 

lost 

0 

0 

0 

0 

0 

) 


T" 

r, 


S-'/f 


i  ■  .. 


I 


,,.'<'o',Vv.  •(  'AW^vWsSP 


[..•  r  »i  ^  Jj  , 'y  ■  ^  '  "'.  I'',  |\?-'iiJ'f'*'^;V'*  ! 


■’  ■■  -«. :  , 


5-  '»  ■ .'>  '  i-  .'  a%#'5*W;) 

'  ■  ■  -  '  ■  ^  \  "■'  ••  'WW 


:>i:  :^-i::  .  .,' 


J  •  1  '* » 

i  fi  V  V '  •,*' 


■'  ,':v^’' 


t..'  •  'i-v-  i-  ■ 


<t‘-.'‘#,.,  A»'. 


.  ,  .  .1^  4. 

■  *  J.,  ,T 


■  .■;  ^  <  . 


I;  ■ 

■I.;,'  •  :  •  ';.V  f; 


aowi '  -■■,  ':t:‘  ■ 


7i 


'AvAr-ii' 


ly''--;;./., '  ;^*y 


9.1:. 


.  v,^'; 


■it 

■■,  ^ 


'■  ■ 

'  -  tl 


•  1 


vi''" 


< 


!■■  .1;'.'i  “iSl 


0  $t 


•  ,  "vy;‘ > 


Ji 


■  'SJ'  '  -‘li 


•t»  r 

■  ■  ;t 


.;?•'>.  ■  'V 

'•  ^  -' 


■\->l  ^  ■  . 


■:j3f{|r 


^;;..M,  ■  ..’y,; 


•f  ’ 


’ '  •'■y  '  ' ,  '’:.T' 


1^1  '1#  *!.• 


..  y ■■:>;/. y  '  ■;■.':■■  . 

,  .,  •{,'  ',:;','i\ •','■■  i'  ,  ’ 

,,,'  '■  r'*  r\tk'  '■  ‘  .’ -yiityfi! 


■  v;'?:y» 

■  S^vjS'W 


'  •'  \i 
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LIFE  HISTORY  CONTROL  OF  HIRHWORIilS 


I^ble  5  (cont^d) 

Ovlposition  results"  from  1937  field  experiments, 
loont^d)  - - - - 

^  —  T-l 


:leries 

Depth. 

Tn’ 

T..W" 

£1 

2 

3 

4 

5 

6 

6.00"  “ 

lost 

24  ~U  ■ 

—u 

“IT 

1.00"  - 

2.00" 

6 

155 

yr;? 

0 

0 

342 

2.00"  - 

3.00" 

44 

319 

27 

0 

0 

0 

3.00^»  - 

4.00" 

lost 

0 

0 

0 

0 

4.00"  ^ 

5.00" 

lost 

0 

0 

0 

0 

0 

5.00"  - 

6.00" 

lost 

0 

0 

0 

0 

0 

(Loose  strings  allowing  plugs  to  di*op  out  accounts 
for  losses  of  samples  of  some  depths*  This  also 
allowed  dust  from  the  surface  to  sift  down 
between  the  soil  core  and  the  wire  and  may  have 
let  soae  eggs  pass  down  also.  To  facilitate 
sampling  to  definite  depths  cages  ??ere  rolled  in 
damp  cloth  to  moisten  the  soil  core  and  make  it 
easier  to  section.  Otherwise  the  soil  which  v/as 
very  dry  crmabled  when  the  strings  were  cut. ) 


D.  Oviposition  results  in  previous  work  carried  out  by 

■wW  ■nnirn<^>iii  r  iTi  mill  ll■lllrilll  Br'iiaTiTi  mifi  iTim  ntn'^iiitrr  nr.  trr  jrr~i~»  lan  i  rf*in—  i~iriiwiiii  imi  niir  'mi  nn  niMi  -rr  iwn  i  tr  itiiih  rni  i  rirr  nn — iw  f  rnn-  iiiuibii  r~-nnmnr -Ti'-nrr^- — nr*-! 

Professor  Strickland. 


1925 


1.  With  2”  loose  soil 


With  3^  loose  soil 


Depth 

Cage 

X 

2' 

Cage 

1 

0"  1" 

~~u 

~1T 

1"  -  2" 

0 

6 

0 

2"  -  3" 

Q 

7 

21 

3"  -  4" 

270 

6  {cit  three  inches) 

4^^  «.  5« 

132 

5”  - 

70 

3.  With 

4"  1 

oose 

soil 

4  « 

With 

8"  loose  soil 

on  hard  plug. 

on  hard  plug. 

0"  -  1" 

0 

0" 

-  1" 

1'-"-  24" 

50 

1" 

ntf 

19 

2i"-  3" 

100 

2" 

3" 

8 

3"  - 

3 

»  4" 

50 

4" 

—  5” 

19 

5" 

^  6" 

3 

51# 
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Table  5  (oontM) 


1.  With  3”  loose 

F.  With 

4”  loose 

soil. 

soil. 

Deplli.  • 

Cage 

1 

2 

1 

2 

C”  -0.5” 

U 

0 

JJ. 

0  0 

0. 5-1.0” 

0 

35 

0 

00 

1.0-1. 5" 

78 

56 

3 

104 

A 

1. 5-2.0" 

3 

2.0-2. 5” 

132 

1 

13 

18 

2. 5-3.0” 

0 

3. 0-4.0” 

0 

0 

150 

0 

Series  F 

Series  G 

0.5^1.00 

3 

9 

1.0-1. 5" 
1.5a2.0" 

4 

3o  With  6-"  loose 
soil* 


143 


0 

0 


Series  H 


0 

0 

29 


1930 

Loose  soil  check.  Series  A1  A2a  11 


SI 


“I — 

1 — 

~T~ 

■  -I— 

3  ' 

0”-0.5” 

0 

1 

O’ 

U 

O' 

j. 

-j- 

0. 5-1.0" 

1 

0 

1 

6 

0 

0 

17 

1.0-1. 5” 

9 

0 

79 

0 

0 

157 

1. 5—2.00 

0 

0 

1 

5 

2. 0-2. 5” 

2 

0 

1 

2. 5-3.0" 

10 

0 

3. 0-3. 5 

0 

0 

3. 5-4.0 

0 

4. 0—4 . 5 

0 

4.5-5. 0 

1 

VP. 

ai 

 m 

J1 

J2 

1 

2 

1 

1 

1 

2 

1 

1 

6"  -0.5" 

A 

0 

29 

l05 

“T 

32 

1 

0. 5-1.0" 

% 

9 

40 

76 

3 

0 

3 

2 

1.0-1. 5” 

142 

31 

1. 5-2.0” 

5 
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l^ble  6» 

A#  Temperature  gradients  maintained  In  the  oontrolled 
temperature  tanks  during  experiments. 
aV~''Preliin3.nary  '  test',  '~^une''  V  "to' June"  12, 

{DistaHee  from  water  surface  to  soil  surface 
12^’,  asbestos  cone  of  heating  unit  resting 
on  soil) 

Temperatures  recorded  in  Seated  tank 


Depth 

June  9, 

10 

11 

12 

surface 

loo 

^6 

BG 

"'degrees  F 

gti 

76 

78 

78 

78 

3” 

71 

74 

72 

73 

All  depths  in  the  unheated  tank  ran  at  room 
temperature,  49  degrees  F, 


b.  First  experiment  June  22  to  Jione  30 
Temperatures  recorded T^iTliea tea  tank* 
June 


18 

19 

20 

22 

23 

24  25 

26  27 

28 

29 

30 

Surfrca 

108  ITo 

96 

IM  ~9^  "W 

It, 

72 

72 

67 

69 

68 

66  69 

69  69 

68 

69 

8" 

68 

68 

64 

67 

67 

66  68 

68  68 

■  67 

67 

5” 

66 

63 

62 

64 

64 

64  66 

66  66 

66 

66 

Temperatures  recorded  in  unheated  check 

tank* 

Surface 

56 

54 

54 

56 

57 

58  58 

59  59 

59 

59 

,59 

3” 

58 

54 

54 

56 

57 

58  58 

59  59 

59 

59 

5” 

56 

54 

54 

56 

57 

58  53 

59  59 

59 

59 

59 

6.  Second 

eEperiment 

July  6  to  July  20 

Temperatures  recoi 

•dad 

in  heate 

.'i  tank. 

July 

6 

7 

8 

9 

10 

11 

13  14 

15  16  17 

18 

20 

3,  '“a'G 

81  *72 

9^8 

80 

80 

“M  ~8ff  "W  ~M  ■ 

go 

BO 

79 

1’  66 

66 

66  6 

/ft  /it 

DO 

6? 

66 

67  67 

67  67 

67 

67 

68 

g"  60 

65 

65 

65 

66 

66 

66  66 

66  66 

66 

67 

65 

i"  63 

63 

63 

63 

64 

64 

64  64 

65  64 

65 

65 

65 

Temnerratures  recorded 

in  unheated  check  tank 

All  GO 

60 

60 

60 

60 

60 

60  60 

60  61 

61 

61 

62 
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Table  6  (oont^d), 

d.  Th i r d  exp erlmenF  J ul y  ^5  t o  51 * 

Temperatures  recorded  in  hea ie"I  tank. 


July 

?,5 

S7 

28 

29 

31 

3. 

"80 

62# 

86 

1” 

71 

70 

72 

70 

5«» 

69 

&Zff 

60 

69 

68 

5” 

6^ 

62# 

66 

66 

66 

Tempfi rature 3  recorded  in  the  unheated  check 

All 

62 

62 

62 

62 

62 

§  Tile  light  had  been  accidentally  turned  off 
■  anu  there  was  a  a  a  result  no  h©o,t  for  t\^o 
days. 
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Table  6. 

Moisture  gradients  obtalne^'durlng  experiments  with 
con t i^cSTea  t emp 0 ra t u re  apporaiusT. 

(Tests  were  made  on  June  12  on  samples  taken  at 
each  inch  of  depth  from  two  sorios  D  cages  In 
each  tank  since  June  8.  Samples  were  stored  in 
rubber  stoppered  glass  vials.  Moisture  content  of 
the  soil  is  given  below  as  a  percentage  of  the 
oven  dry  weight  of  the  sample.) 


8  from  heated  tank 


Surface 

£,1G 

2.12 

One  inch 

18.83 

16.22 

Two  inches 

15729 

19.70 

Three  ins. 

23.37 

21.26 

Four  ins. 

T4.'W 

24.94 

live  ins. 

27.59 

Six  ins. 

24.16 

26.60 


Samples  from  unheated  tank 

27.70 

~3Ur5U~ 

35.90 

“sinir 

3S.40 

~5^r7u~ 

~S47W~ 

34  »  40 


(Tests  on  two  cages  of  each  aeries  at  the  end  of 

the  first  experiraent  June  30.) 

Note:  Due  to  no  ovens  being  available  at  high 

temperatures  moisture  is  hero  recorded  as 
a  percentage  of  the  air  dry  weight  of  the 
sample,  .lithoug  IX  ^ixJL  is  the  basis  commonly 
used  in  soil  studies  it  does  not  seem  as 
satisfactory  as  the  oven  dry  weight. 

Results  from  heated  tank. 


Serie 

S  A 

B 

C 

U 

Surface 

18.60 

9.(56 

6.45 

16.52 

7.04 

13.16 

1” 

TtTM' 

lo.'oi' 

TsToT 

16.17 

16,33 

19,33 

15.49 

16.98 

2” 

21.  M 

18.09 

12.79 

"17.42 

20,38 

19.40 

18.41 

19.44 

r^Tt 

19.02 

12.3(i 

“16719 

Tv.'al 

14.51 

17  » 14 

20.25 

22,09 

1 
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Table  6 


4" 

5" 

Results  from  heated  tank 

(cont ’d) 

■TITSTF 

22.14 

TS7S7 

23.33 

S'2.76 

23.47 

Series 

20.00 

C 

20.78 

Sl,6& 

19.84 

Results  from  unheated  check  tank. 

Series  A 

B 

G 

D 

Surface 

: 

o.TS 

~t:u 

5.08 

2.52 

5.07 

5.71 

1” 

IfTST" 

TSeOl? 

l9 . 66 

1G.82 

19  •  65 

16.67 

19.14 

.LSTir" 

“■'li'o.W 

20  j  4^' 

20.28 

19.85 

19.49 

~S07SH“ 

TS.SU. 

19.25 

19.63 

22.03 

20.89 

22.29 

26.32 

237sr 

20.42 

22. 49 

19.36 

5« 

i5.5§ 

25.  M 

22,52 

22.02 

Qf9 

23.47 

23.22 

■ 

(Tests  on  two  oages.  of  each  series  at  the  end 
of  the  second  experixaent  July  20) 


Results  from  heated  tank. 

Series  A 

,  B 

c 

D 

Surface 

~T.'W 

8.00' 

l8.^^ 

l4.  76 

16.01 

19 . 3d 

13.74 

14.71 

Iff 

15. 2f 

“17.11“ 

iB.feS 

18.78 

21.37 

16.43 

18.06 

2” 

12.06 

20.00 

19.64 

19.73 

20.17 

22.64 

19.35 

3” 

17.85 

20.^ 

23.71 

22.48 

20.92 

21.92 

19 . 29 

4^’ 

24.16 

23.96 

20.42 

24.83 

5” 

24.04 

20.75 

26.04. 
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Table  6  (contM), 

Results 

from  heated  tank  (cont’d) 

Series  A 

3  C 

D 

6« 

^6.0S 

26.10 


Results  from 
Series  A 

unheated 

tank. 

0 

D 

Surface  18.9CJ 

“2672F" 

20.00 

18. 2l' 

20.74 

25.15 

17.39 

16.97 

2v:w' 

18.63 

19.89 

i 

21.60 

23.13 

20.61 

20.00 

Z2lW 

'20.01 

20.98 

21.09 

23.97 

23.98 

19.92 

3” 

«w»  •tf'W 

<dj»  .  %JU 

T4',ys 

'  ''21.25' 

t;  ■  22  «  51 

25.00 

24.07 

21.70 

4« 

■'SFrs'S' 

“■§¥.95 

5« 

25.11 

24.40 

'85.8S 

24.55 

26.00 

26.67 

26.32 

27.89 

27.95 

"  •■''''' iWKWv '"'®l 


|!  ’’y  . 


J' 


^  .f! 


,t 


■  v;  "t*  ■' 


r 


'A. 


‘a  /■  ''  "".;  '  ' 


[ 

|V(', 

fW** 


■ 


■:i^  . 


,*^•v 


k«;'.».L>- 


.M... 


'.■*.,s^:  * 'W'W'^' 


<ki.iiii> 


( 


-p'""  ■  ■'...  ',  ■  ’■■■■  ■  '  ",  '.fi  ic , 


-r:  . 


■  .  v.a;*fe'V- 


■  V  f"  ’  '  *"*'  "'"  J  *  I*.  ^  ..I''  ■■,1'''  j?' 

^. ! '  '  ■' ■'  ,'"  '  ;  'f"  ,7<4m' 7 ^ ’'•  ■■  ■  • 


W' 


'  '■  ■■.i'!V'  "*y, •/■.«'."  .'tjc.  I"'  .  •r^ 


fi%  ' 


■i»r^ 

‘v"'' 


:  .  V 


P^Sils^^iiisXXs  ■  ■ 


IfJ 


'.s 

.'^F  '-.li , 

m\  ^X-'''': 


M  > 
f  ..■ ». 


^V' 


w 


^fc  ■> 


4  :  i  ' 

Jl 


i.rVw 


K-  uts^  ^  ■■'  ■ '  '  •tfiv^i''ilP7,  ■  ■"  :• :  ®;|M':(i 
iiJK ' .  ‘  7:  ■’  S'i  7  -  ir.x'f  ■  '7' '  «iiiP» 


57. 
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ho  Vine  weMkonod  tlio  I'eetles  but  t-iio  lo  not  likely 
to  n«ve  been  the  cone  in  1037  also*  It  is  difficult, 
h'. waver,  to  explain  T?hy  baetlee  in  jirovious  ex  erin^ 
when  riven  loose  soil,  bored  down  five  and  one 
half  and  six  inohes  (Table  5,1)  wliils  at  no  time  did 
beetles  used  by  the  present  experi^' lentor  rorah  a 
depth  of  more  than  three  and  om  half  inches*  One 
may  hazard  a  gtiess  that  this  was  due  to  the  unusu'-'lly 

t 

dry  oonclitlona  durini'i  the  ax  arimenta  having  destr¬ 
oyed  the  normal  moisture  o:  the  soil  and 

thua  romovod  the  liicentive  for  going  deeper*  ?-i8VBr- 
theless  this  does  not  exi'slain  the  shallow  oviposition 
in  the  oontroliecl  temperature  tanka. 

It  Is  si£iilf leant  that  in  1956  oiglit  out  of 
twelve  boetlo®  deposited  eggs  in  cages  with  the  surface 
of  their  contents  set  below  that  of  the  surrounding 
soil  while  only  nim  out  of  aavonty-two  did  so  in 
the  '-.'ther  ongoa  and  that  in  1957,  when  the  "sunken 
cage"  technique  was  used  exclusively  t?/enty-four  out 
of  twenty-nine  females  laid  eggs.  This  would  appear 
to  be  due  to  the  longer  life  of  the  beetles  concerned 
which  may  in  turn  be  accounted  for  by  tiie  reduction 


PLATS  VI = 


LIPS  HISTORY  AND  CONTROL  OF  WIIIEWORI.IS 
U.  of  A.  1937« 


LABORATORY  TECIINIQ,UES 


1.  Breeding  jar  ^vith  plaster-of -Paris  Bottom  and 
sand  to  retain  tlie  inoisturoe 


2®  Method  used  for  washing  eggs  from  soil- 

(Fine  screen  wire  sieve;  camel ^s  hair  Drusrij 
fine  stream  of  water. ) 


1 
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In  the  tendency  of  beetles  to  crawl  up  the  sides  of 
the  cages  off  the  l:zt  surface  of  the  soil  and  rest  on 
the  under  sides  of  the  cage  covers  ?fhere  they  were 
killed  by  the  heat. 

The  effect  of  standard  G\:2ltural  practices  on  the 
consolidation  gradient  of  soil  in  the  field  next 
investigated.  It  was  hopee  that  this  might  serve  to 
correlate  the  work  on  depth  of  oviposltion  with  pract¬ 
ical  control  measures.  Fields  with  Icnown  cultural 
histories  were  selectad  and  the  consolidation  of  the 
soil  tested  with  the  taster  pravlou^l^y  used  in  the 
laboratory.  The  first  fields  tested  were  iinlvarsity 
of  Alberta j  field  Crops  Plots,  These  had  ell  been 
under  cultivation  for  the  last  fifteen  years  and  were 
typical  Edmonton  sandy  loams.  The  tests  were  made  on 
June  £9 5  1936,  following  a  prolonged  dry  spell, 

Tho  first  field  tested  (in  block  23}  had  been 
seedeu  to  west^ini  ry©  grass  during  1953  and  1934 j 
fallowed  in  1933  ^  and  Wi:  s  sewded  to  wheat  at  the  time 
of  tes  ing.  The  crop  had  shown  slieght  damge  earlier 
in  the  season  presuraably  due  to  wireworms.  The  soil 
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was  badly  cracked  from  the  prolonged  dry  spell  and 
proved  very  lacking  in  uniformity.  Results  of  the 
tests  are  given  in  Table  7, A. 

The  second  field  (block  1,D)  was  plowed  October  4, 
1935  after  the  wheat  crop,  ?/hich  had  been  froaen,  was 
cut.  It  was  seeded  to  wheat  and  oats.  Results  appear 
in  Table  7,B. 

IM— ninr  —  III  Ijprii  nn  I  itim  ■  ■■  •— 

The  cracked  condition  of  the  soil  made  the  console 
idation  so  variable  in  different  places  that  no  further 
work  was  done  on  these  fields  at  this  time.  Unfortun¬ 
ately  no  fields  were  available  on  which  shallow  cultiv¬ 
ation  machinery  such  as  the  rod  ?^eeder  had  been  used. 

On  the  first  day  of  July  similar  tests  were  con¬ 
ducted  at  the  Lacombe  Experimental  Station.  "Bie  fields 
tested  had  been  under  the  follofiTing  rotation  since 
1911:  potatoes,  wheat,  oats,  fallow,  wheat,  hay,  hay. 

The  first  field  tested  was  fallow.  It  had  been 
plowed  June  18,  1936  and  harrowed  June  £0.  It  was 
badly  cracked,  (Table  ?,G) 

The  second  field  was  in  oats  and  had  been  spring 
plowed  five  Inches  deep  on  May  8,  disced  and  harrowed 
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on  May  16,  and  seeded  on  May  26,  (Table  7>D. }. 

The  third  field  was  in  riotatoes.  It  had  been 
plowed  five  inches  deep  on  August  24,  1955:  disced 
August  26,  1955:  plowed  six  inches  deep  May  19,  1936; 
seeded  May  22,  1936;  harrowed  June  11,  1936;  and 
scuffled  June  20,  1936.  The  first  six  tests  were  made 
between  the  rows  of  potatoes  and  the  last  nine  in  the 
actual  rows  betxwen  the  plants.  (Table 

The  prolonged  dry  spell  had  so  affected  the  soil 
at  both  Mmonton  and  Lacombi  that  it  was  dif  ioult 
to  secure  the  desired  information.  It  would  appear 
that  under  the  weather  conditions  this  year  any  type 
of  cultivation  involving  plowing  renders  these  soils 
easily  accessible  to  gravid  females  of  this  genus 
to  depths  at  which  eggs  are  relatively  safe  from 
damage.  The  Mmonton  field  broken  from  sod  the  pr@v-» 
ious  year  would  alone  offer  any  effective  resistance. 

The  heaviest  rainfall  of  the  1936  season 
occurred  on  August  14.  Follo?dng  this  rain  tests 

were  run  on  pupation  tanks  in  the  insectory  which 
were  being  used  in  another  experiment  and  the  results 
did  not  seem  to  warrant  any  extensive  field  tests  at 
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this  time.  Preliminary  tests  were,  however,  run  on 
the  suinrrierf allow  soil  in  the  inseotory,  and  the  tests 
repeated  aftor  a  week  of  dry  weather.  'These  results 
ar3  given,  in  Table  7,F.  These  preliminary  t^sts 
serve  to  indicate  txhat  heavy  rains  seriously  affect 
the  ease  of  penetration' of  the  soil  for  short  periods. 
The  extent  and  duration  of  this  effect  may  be  of 
great  importance  in  regulating  the  depth  at  which 
be  ties  may  oviposit.  Certainly  this  softening  of  the 
soil  by  rain  must  be  considered  in  any  cultural 
program  designed  to  produce  consolidation  of  the  soil 
with  the  object  of  confining  the  oviposition  of  these 
beetles  to  depths  which  more  or  less  ensure  high 
mortality. 
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Table  7, 

Consolidation  tests  made  in  the  field,  (block  2,B) 
iH^pth  in  inches  to  which  tester  sank. 


Weight 

0 

1 

2^ 

3 

4 

5 

6 

7  lbs 

1 

pi 

S72B' 

STTET 

6.75 

2 

0.75 

1,25 

1.50 

1.75 

2.00 

2.00 

2.00 

2.00 

3 

Q,n 

1  . 

JL  ^  fij  lui 

1.75 

2.00 

3.00 

3.00 

3.00 

4  ■ 

0.50 

1.00 

1725 

6.50 

5.60 

5 

1.25 

2;i25 

ITW 

2.75 

3.00 

3.00 

6 

1.50 

G.75 

1.00 

1.25 

1.25 

1.75 

7 

0,75 

1.00 

1.00 

2.50 

3.00 

3.00 

3.00 

8 

1.00 

1.85 

ires- 

1.50 

1.50 

1.50 

9 

1.00 

2.00 

3.50 

4.00 

7.00 

7.75 

10 

1.25 

2.75 

^75^ 

3.00 

3.25 

3.50 

3.50 

11- 

0.00 

1.25 

1,73 

2.00 

2.25 

3.00 

3.50 

12 

1.00 

1.50 

rrvF 

6.00 

6.00 

6.25 

6.25 

6.75 

13 

0.25 

1 . 00 

TTSF 

1.25 

1.25 

1.50 

1.50 

1.50 

14 

1.00 

1.00 

IIW 

1.25 

1.50 

2.00  ' 

2.75 

15 

0.25 

1.25 

1.50 

1.75 

2,00 

3.75 

6.75 

16 

0.75 

1:.50 

1750 

2.25 

2.50 

3.00 

3.25 

17. 

1.00 

2.00 

2,50 

3.85. 

3.75  ■ 

3.75 

4.00 

16 

0.75 

1.0^ 

rrsw 

1.25 

1.50 

1.50 

1.50 

1.50 

19 

0.50 

1.50 

2.75 

2.75 

6.75 

6.75 

6.75 

#  TJnderlinad  fif;:ure^,  are  de'^ths  to  which  the  soil 
aliowad-  a-  resistance  of  les  ■  than  three  pounds 
as  tested  by  our  tester  and  are  therefore  the 
depths  -  to  which  a  be  vies  mJ.ght  -be  ex  ectod 
to  burrow* 


Another  field  was  tested  at  the  se'me  time  as  the  obove 
for  comparison.  This  field  w  s  in  block  1,A,  had  been, 
seeded  to  western  rye  for  three  years,  plowea  and  fall¬ 
owed  in  1934,  used  for  elite  seed  in  1935  and  ?j8s  again 
being  fallowed. 


1 

0.25 

4 . 25 

4.75 

5,00 

B 

2 

0.75 

3.60 

5.25 

3 

•  1.75 

4.00 

4.50 

(Mote:  B  refers  to 

4 

1.25 

5.75 

B 

cas?^s  where  the 

5 

1.25 

5.75 

B 

the  tester  sank 

6 

1.00 

1.25 

ITSF 

1.25 

B 

below  nine  inches 

7 

0.75 

1.50 

17^ 

B 

and  could  not  be 

8 

0.75 

1.25 

R 

read. ) 

/^  r»  ESL 

T  An 
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10 

1,2^5 

1.75 

Table 

'b 

7, A  (cont’d) 

11 

2^.00 

2.5‘.; 

H  " 

12 

1.75 

1.75 

r.  75 

1.75  3.25 

13 

0.50 

B 

B* 

14 

1  •  00 

B 

•3 

15 

0.25 

0.50 

B 

16 

0.75 

B 

■B 

17 

1.50 

B  • 

H 

18 

0.75 

1.50 

B 

19 

1.00 

3.00 

3.50 

8 

Table  7,B 

Consolidotion  teats  raade  In  the  field,  (blook  l.p) 


1 

0.75 

1. 25 

1.50 

1.75 

2.  CO 

4.00 

B 

2 

1.00 

3.  0 

iTSo 

5.50 

B 

3 

2. 25 

2.75 

B 

4 

0.S5 

0.25 

0.5d 

1.75 

1.75 

B 

t 

5 

1.00 

1.25 

UTOTT 

2.75 

5.25 

5.50 

5.75 

B 

6 

1.25 

2.00 

2.50 

B 

7 

0.75 

2.00 

2.50 

3.25 

3.75 

4.00 

B 

a 

0.E5 

1.25 

CW 

B 

'  9 

0.25 

2.00 

g.2S 

3.  B5 

2.75 

3.25 

3.25 

3.25 

10 

1.00 

3.25 

B 

V  . 

11 

0.25 

1.50 

I71F 

2.25 

2.25 

«>  OR 

2.25 

2.25 

12 

0.75 

1.25 

riw 

lo5C 

1.50 

1.75 

B 

13 

0.25 

1.75 

2.7d 

3".  25 

3.50 

3.50 

5  •  00 

14 

0.25 

1.50 

4.50 

B  ■ 

15 

1.00 

1.25 

1725 

1,00 

2.00 

. 

o 

c 

2.25 

2.25 

Table  7.C 

Consolidation  tests  made  on  fellow  at  Laoombe 

B 


1 

0.25 

1  ■  Of::: 

X  • 

1.50” 

1.50 

3.00 

4.25 

2 

0.00 

2.75 

3.f/0 

3.25 

2.50 

4.00 

3 

0.00 

3.23 

3.50 

3.75 

5.00 

B 

4 

2.50 

B 

3 

5 

6w 

1.  .0 
0.00 

B 

1.25 

a 

'4.25 

4.50 

4.75 

B 

B 

7 

8 

9 

0.00 

0.50 

1.50 

1.25 

4.00 

4.00 

4 . 00 

ITSs* 

4.50 

4.25 

4.75 

4.75 

4.75 

B 

B 

10 

0.00 

B 

B 
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Tuble  7,  C  (oontfd) 


11 

0,25 

1.00 

3.75 

4.75 

IE 

0.25 

B 

B 

13 

0.00 

B 

B 

14 

0.00 

B 

B 

15 

0.00 

1.25 

1 . 50 

B 

IG 

0.00 

1.25 

irsF 

4.75 

B 

17 

0,00 

3.75 

4.00 

4.25 

4, 

75 

18 

4.50 

4,50 

4.50 

B 

19 

0.25 

B 

B 

20 

0.00 

3.50 

'3 . 75 

B 

21 

0 , 00 

3,25 

3.50 

3.75 

4  m 

25 

22  . 

0.00 

B 

3"" ' 

E3 

0.00 

B 

3 

Table  7 .  D 


Consol Idf 

n  ■ 

tests  raade  in 

oat 

field , 

Lacombe. 

1 

2 

*.■ .  0 

0.00 

1.25 

1.25 

0,50 

Tm 

0.75 

1.25 

0.75 

1.25 

0.75 

0.75 

1.00 

B 

1.25 

3 

0.00 

0.00 

0- 

2.50 

2.50 

2.50 

B 

4 

o.co 

2.00 

i.oo 

1,25 

1.25 

3.00 

3.50 

B 

5 

0.00 

1.00 

0*25 

0.25 

0.50 

1.50 

1.50 

2.75 

6 

7 

0.00 

0.00 

0.00 

PI 

iCr  .  f  D 

3.50 

TTSO* 

3.50 

4.75 

B  - 
B  . 

8 

0.00 

B 

B  ■ 

9 

10 

1.25 

0.00 

2.25 
4.  00 

B  . 

T™ 

11 

0.75 

3.75 

4*  50 

4.50 

B 

12 

0.00 

2.25 

4.0*0 

4.25 

3 

13 

0.25 

3.75 

B 

14 

0.00 

3.75 

4.00 

B 

15 

0 , 00 

3.75 

3 

16 

0.50 

B 

B 

17 

0.00 

2.75 

B 

18 

0.00 

B 

B 

19 

20 

0.25 

0.00 

2.25 

0.75 

2.50 

rrou 

B 

l.oo 

1.75 

2.00 

2.25 

2.25 

21 

22 

23 

0*50 

0.00 

0.00 

1.00 
4.25 
1 .  oQ 

1.25 

4.25“ 

r.75 

1.50 

4.50 
2.25 

B 

4.50 

2.50 

4.50 

3.50 

ft.  50 
4.25 

4.50 

4.50 

9 


\ 

I 


.'W  ■ 

-y-,inii»''i  >,»  I" 


V<.-'  -■■ 


lJV/  -.. 


'^Smt  jfL'  '  **  ' 


^■'i  .  vM' 
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Table  7,2. 

Consolidation  teats  In  potato  field  at  Laoombo. 


I 

6.00 

O.OO 

1.25 

i.W 

2.15^ 

B 

2 

0.00 

6.25 

0.75 

0.75 

1.25 

3.00 

3.50 

B 

3 

0.00 

0.00 

STSs 

0.25 

0.75 

2.00 

2.25 

B 

4 

0.00 

0.00 

wrs'6 

1.50 

1 . 50 

o 

o 

. 

2.75 

B 

5 

0.00 

0.00 

B 

6 

0.00 

0.00 

UTzS 

2.00 

B 

7 

0.00 

0.25 

B 

8 

0.00 

0.00 

4.25 

B 

9 

0.00 

1.75 

to 

• 

c 

c 

2.25 

3.75 

4.00 

B 

10 

c.oo 

0.25 

3.25 

B, 

11 

0.00 

3 

13 

12 

0.00 

0.25 

ciTs^ 

B 

13 

0.'  0 

B 

14 

OiOO 

0.00 

i 

15 

0.00 

0.00 

S750 

1.75 

3.50 

B 

Table  7,  ,.F«  '  '  . 

C o?iso3. i da t i on  re aul" t s'  i'u  I nsao to ry  fallow  after  rain, 


I — 

6.25 

2.00 

5,00 

B 

2 

0.00 

0,75 

3.25 

3.25 

3.25 

3 

0.00 

0.75 

B, 

4 

0,00 

1.00 

6.75 

7.00 

B 

5 

0.00 

1.50 

6.75 

7.00 

B 

6 

0;00 

1  •  0 

B 

7 

0.00 

0,50 

B 

8 

0.00 

1,00 

B 

9 

0.00 

2.00 

B. 

10 

0.00 

1.50 

6.75 

B 

Tests 

on  same  plot  after  one 

week  < 

I — 

0.00 

0.25 

0,50 

0.75 

1.66 

2 

0.25 

1,25 

ITEU 

1.50 

1.50 

3 

0.50 

1,00 

17115 

1.  75 

B 

4 

0.25 

0.75 

T7m 

1.25 

B 

5 

0.50 

0,75 

1.25 

B 

6 

0.00 

0,75 

ITM 

1.25 

1.25 

7 

0.25 

1*25 

2.00 

2.75 

B 

8 

0.50 

1.00 

1.00 

1.50 

B 

9 

0.25 

1.25 

1. 50 

2.25 

S 

10 

0.25 

1.00 

iTotr 

1.25 

B 

B 


B 


PLATE  V. 
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U.  of  A.  1937. 


SOIL  CONSOLIDATION  TESTER. 


UJTs  insTtraT  conraoL  of  ymmaim 


it 


_ _  _ _  3*SB  G.OO  6,60  #.B0  6.60  6,60 

MlBteuB>  0,00  0.7S  1,00  l,.]S  X,S&  1,60  1.60  1,60  1,60 
^U(X}  1,U6  1,76  .J.SO  6,00  3,60  3,60  6,76 

Molssea  0,66  0,60  @ 

0,75  1,76  B 


«*«.», 


3 


1 


B 


i 


B 


©#ai  %m  x^m  ubq  urn  um 
mm  um  mb  b 


«mMn 


r:i 


60  B  B  B  B  B  B  B 

Uiaima  0,00  1,00  X*m  6,36  4,76 

Mo6@  0,00  B  B'  B  B 

iM  fs-e . .QES^J 

'W3mSr^&^W%mT  b  b  b  b  » 

ainiawt,  0,00  0,00  O.se  0,36  ©•bo  0,76  1,00  1,.::6 

llocl©  0,00  3,76  4,00  4,60  B  ,  Bl  B  B 

Mntaaa  0,00  0,00  0*36  ©.SB  0,76  8*00  8,36  ~ — 

0,00  0,36  0,36  0,00  B 


Ml#* 


I@BtB  »im  m  fallsw  well  ^.ra  tJi®  tns«ot«wy  after  imin, 
IMidU^SSSi  6,3S  3,00  B  B 

aintesim  0.00  0,i0  6.00  3,86  3,35  — —  ■  -»-  -*•— 
Itofte  0,00  1,00  6,76  B 

$GBta  ran  on  ®aB»  araa  after  thr  e  week®  fiiy  •sotiisy 
Uaxilim  0.60  1,86  9,00  B  1 
UnlMm  0,00  0,86  O,B0  0,76  l.^JS 
0,S6  0,78  1,60  1,36  B 
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mncvuic  dusts  ai^d  i'iullig  .n’s  exterminator  as 

SEED  TREATMENTS. 

Althou^^h  very  extensive  work  had  be^n  done  else¬ 
where  on  the  use  of  various  poisons  as  treotmen  s  for 
seed  grain  to  protect  it  ogalnst  wireworms  (54,160, 

171, 17S)  only  one  investigator  had  previously  worked 
with  organic  mercury  dusts  (3)  and  since  that  time 
(1930)  several  new  and  improved  dusts  had  been  placed 
on  the  market  as  fungicides.  An  investigation  of 
their  possible  value  as  ireworm  poisons  or  repellants 
seemed  timely.  Thre  comnercial  mercuric  dusts,  Cer- 
esan,  Leytosan,  and  Leytosanp,  were  selected  for 
trial  along  with  a  material  known  as  Mulligan’s  Exterm¬ 
inator,  some  time  ago  patented  by  a  Peace  River  farm¬ 
er  but  now  barred  froip  sale. 

Plot  tests  v;ere  conducted  by  the  use  of  two  sheet 
metal  rectangles,  24’’  x  9”  x  6”,  set  four  inches  deep 
in  the  soil  in  the  insec tory,  (Plate  VIII,c).  The 
soil  in  the  bottom  of  the  rectluigle  was  leveled  and 
tramped  hard.  Hows  were  then  marked  two  inches  apart 
commencing  one  inch  from  one  end  of  the  rectangle. 

Ten  plump  kernei-s  of  Red  Bobs  222,  wheat,  were  placed 


1^4^' 4- '^i-'  f'-:'  ,.'  ■  ■-; ' .••'■';4 4 ";■' f ; 
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-;v. 
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in  each  row.  In  the  first  experiment  the  rows  were 
alternated;  i.e.  one  of  the  rows  bein^  seeded  with 
tre  ted  seed  and  the  other  with  untreated.  It  would, 
it  wos  felt,  be  easier  to  determine  any  repellant 
effect  by  this  method.  4  number  of  larvae  were  then 
placed  in  each  rectangle.  The  larvae  were  secured 
from  Bsaverlodge,  where  they  had  be  n  collected  in 
Brome  Grass  fields  and  were  kept  stored  here  ot  eight 
degrees  Centigrade.  Rows  of  tre  ted  and  untreated 
seed  were  planted  elsewhere  at  the  same  time  to 
check  on  the  effect  of  the  treatments  on  gerrai nation. 

New  Improved  Ceresan  was  used  in  the  first  exner- 
iment  at  the  recommended  rate  of  one  half  ounze  to 
one  bushel  of  seed.  Hedtangles  were  seeded  June  17 
and  t\v0nty  larvae  added  to  each.  The  exeminstiGH 
was  made  on  July  5  and  records  of  germination,  extent 
of  damage  and  type  of  damage  were  made.  These 
numerical  results  are  set  out  in  Table  8, a. 

The  second  e  -perlmont  set  out  on  July  3  and 
examined  July  13  repeated  the  f  ■  rst  except  that  the 
rectangles  were  kept  soaked  to  induce  feeding  ne?  r 
the  surface.  Tiiose  re  ults  an-  ear  in  Table  8_,^. 
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Experiment  number  three  again  repeated  the  same 
te&t  using  thirty  larvae  in  each  rectan^’le.  This 
experiment  was  set  out  on  July  14  and  examined  July 
24  to  27.  The  data  on  the  resulting  damagt  are  con¬ 
tained  in  table  8,0. 

Mulligan’s  Exterminator  was  tested  next.  A 
copy  of  the  original  instructions  for  use  of  this 
material  was  secured  through  the  courtesy  of  Mr. 
Albright,  farm  manager,  Dominion  Experimental  Sub- 
Station,  Beaverlodre,  Alberta.  A  copy  of  the  same 
is  attached  to  this  thesis  as  Appendix  I.  ^  package 
of  the  Exterminator  was  on  hand  in  the  laborc.tory. 
Process  number  one  of  the  instructions  was  followed 
in  the  first  tost.  The  a^Jtual  procedure  follow  d  was 
to  dissolve  one  tenth  of  a  gram  of  i^xterrainator  in 
one  cubic  centimeter  of  cold  tap  water.  This  was 
then  placed  in  a  corked  container  and  allowed  to  stand 
in  the  laboratory  for  twenty-four  hours.  A  sixty 
gram  wheat  sample  {Red  Bobs  222)  was  then  carefully 

moistened  with  ta  i  irater  and  allowed  to  drain  on  a 
small  piece  of  fine  sore  n  wire#  Over  this  sample 
the  Exterminator  solution  previously  prepared  was 
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carefully  poured  and  all  was  mixed.  The  comparatively 
vary  small  amount  of  liquid  made  it  very  difficult  to 
secure  ■  n  even  distribution  of  this  material.  The  pile 
of  grain  was  then  covered  with  a  cloth  and  all  allowed 
to  stand  for  ^wonty-four  hours.  Two  rectangles  were 
seeded  the  following  d  y,  August  21.  One  was  seeded 
with  treated  seed  only  and  the  other  with  untreated 
seed.  Twelve  rows  of  ten  sedds  each  were  used  as  before 
in  each  rectangle.  The  seed  was  carefully  placed  two 
and  one  half  inches  deep  and  the  surface  of  thefioil 
in  the  rectangles  floated  by  dragging  over  it  a  weighted 
piece  of  board  set  at  an  angle.  The  results  appeared 
identical  with  floating  in  the  field.  Twenty-five  larvae 
were  added  to  each  rectangle.  A  heavy  rain  fell 
shortly  after  the  seeding.  Table  8,D  lists  the  results. 

Process  number  two  of  the  instruction  sheet  was 
tried  next.  This  was  a  dry  treatment  and  proved  a  much 
surerior  way  of  getting  an  even  distribution  of  iSxterm- 
inator.  Fifteen  grams  of  wheat j  which  had  been  moist- 

enea  tiventy-four  hours  previously,  were  dusted  with 

0.05  grams  of  ISxterminator.  The  dusting  was  done 
through  a  fine  sereen.  The  rectangles  were  seeded  and 
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Tfeible  8, A, 

Results  from  plots  using  llew  Improved  Ceresan  as  a 
seed  First  axroilment  June  17  to  ^uly  3, 

using  twenty  larvae  in  ©och  rectangle* 

Iraergenca  count  on  Jtme  26* 

^  1 »  . S  • 

genllmClon  test  jrows.  In  rectangles. 

Untreateu^  . 

Treated  74;^ 

Detailed  -examiaation  of  damage* 

FrrsT^~^Qt¥o^'e*  “  :':3ecoiid  rec tangl© * 


treated 

untreated 

treated 

untreated 

Untouohel -  -  1¥ 

— n — 

T 

3 — 

iMmaged  «-  10 

15 

7 

3 

Cut  off  «*•  E3 

EO 

25 

21 

ii^ndospern 

eaten  -  2 

7 

9 

Ungerminated 

-  4 

5 

2 

4 

f  11  lairvae  recovered)^  (IS  larvae  recovered) 
(Check  rows  yielded  46  treated  seeds  of  which  two  had 
not  germinateci  and  48  untreated,  all  gerTfii.nated. 
There  was  some  los.'.;  of  seedlings  due  to  damping  off 
and. one  rectangle  suffered  from  tlm  tunnelling  of  a 
pocket  gopher.) 


»38Cond  experiment  using  "KeS  Improved  Ceresen  -•*  July 

3,  to  Juiy^  13  —  twenty  lawse  in  each  rectangle. 
:$iiargaiice  count. 

a. 

In  geBiiigiation  test  rows.  .  In  rectangles  . 

Untreated"' 

Treated  94  67 

Detailed  examination  of  damage. 

freated  Untreated. 

i^dospam  eaten  3  ~  . 

(These  plots  were  kept  soaked  with  water  to  .induce 
feeding  near  tlie  surface  hut  the  resulting  wet  soil 
conditions  made  recovery  of  seed  difficult.  One 
rectangle  was  destTOyed  hy  a  pocket  gopher.) 
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Table  B,C. 

Third  experiment  using  New  Improved  Ceresan  —  «July 
£5  to  R7  —  thirty  larv  e  used  in  each  rectangle. 
Emergence  count. 

TT  

In  germination  test  rows.  TiTlrdc tangles. 
Untreato3  ^  65  '  2tj  ~~ 

Treated  77  15 


Detailed  examination  of 


First  rectangle 

rnmmtmmmmmimmmmmoimmmmmmmtmmmmmKtmmmmmm 


treated  untreated 


damage. 

Second  rec tangle. 

treated'  '"’untrea  ted 


Damaged 

seedlings  --  B  10  15  9 

Damaged  seed**15  23  32  31 

Ungerminated 

uninjured  —  00  12 

(vVeather  was  very  warn.  Germination  test  rows 
burned  badly. ) 


Table  8,D. 

Process  number  one  treatment  with  Mulligan’s  ExterM 
inator  -*«  August  21  to  August  31  —  twenty-fiv© 
larvae  used  in  each  rectangle, 
lanergence  count* 


In  germination  test  rows*  In  rectangles. 
Untreated  §()"  22.~5 

Treated  88  27 

Detailed  ey  ml  nation  of  d?  image. 

Many  "she ot s "lid'i’  ^ n  do s t ro y  ;^d  so  that  emergence 
was  no  indication  of  germination.  59  germinated  untreat 
ed  seeds  and  52  germinated  treated  seeds  were  recovered 
but  recovery  of  ungsrminated  grains  or  counts  of  the 
extent  of  damage  proved  inipossib^e  as  tna  soil  was 
very  wet. 
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Table  8,S« 

Process  number  two ^trer^tiaent  with  Mulligan’s  Exterm¬ 
inator  —  September  1  to  September  17  —  twenty- 
five  larvae  were  used  in  each  rectangle. 

^jnergence  count. 

1  2 

In  germination  t  st  rows.  In  rectangles. 
Untreated  72  44 

Treated  92  3 


Detailed  exaiiriation  of  damage. 

3 1  'rectangle.  ^  "  7©  oo  nd  root  a  ngl  e . 

treated  ’  untreg-ted  trea^te?  untreated 

Ungerminated 

seed  --««  91  30 

Grorminated  —  13  82 

Damaged  seed-  6  16 

ilhoots  eaten  -  8 

(All  the  seeds  placed  in  rectangle  number  one 
were  treated  seeds  and  all  those  placed  in 
rectangle  number  two  were  untreated.) 


Note!  ’^Floating  a  field’’,  (page  69)  refers  to  a 

practice  among  farmers  of  dragging  across  the 
field  a  framework  of  heavy  plarlCi  iron,  or 
split  logs,  set  at  an  angle,  and  th^s  break¬ 
ing  down  the  lumps  and  smoothing  the  surface 
of  the  cultivated  soil. 
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trauted  as  before.  'Pwenty-five  larvae  were  added  to 
each.  The  some  soil  Y/as  used  in  the  rectangles  as  had 
been  used  for  the  previous  experiment.  This  soil  was 
saved  at  the  time  of  the  previous  exrmin  tion  in  view 
of  the  fact  that  I/ir.  Mulligan  had  stated  that  it  req- 
uir€id  the  residual  effect  over  a  period  of  two  years 
to  secure  one  hundred  percent  control  with  Extermin¬ 
ator.  iilmergence  counts  and  checks  on  damage  are 
listed  in  Table  8.H. 

Field  experimenting  ?/as  necessarily  limited  be¬ 
cause  of  the  length  of  the  season  and  the  limited  plot 
space  available  but  those  field  tests  i?ere  3UX)plemen- 
ted  by  extensive  laboratory  experiments.  ^3alve  tins 
were  used  for  this  purpose.  Fifteen  groins  of  treated 
wheat  were  placed  with  moist  soil  and  five  larvae  in  a 
salve  tin.  Every  five  or  six  days  a  check  was  made 
on  the  extent  of  feeding  and  larval  mortality.  The 
grain  was  renewed  at  each  exeraination.  The  same  soil 
was  returned  to  each  can  each  time  to  conserve  any 
residual  effect  of  the  treatmimts.  The  closed  salve 
tins  prevented  serious  loss  of  volatile  constituents 
of  materials  used.  On  July  17  two  tins  were  stocked 
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usirii^  New  Improved  Gerosan  at  the  rate  of  one  half 
ounce  per  bushel  as  the  treatment  and  two  tins  ere 
prepared  using  untreated  grain  to  serve  as  checks. 

On  3uly  23  two  salve  tins  each  were  prepar  d  to 
test  the  following  treatmemts: 


New  Improved 

Gere  sen 

at 

1 

os. 

per. 

bus 

New  improved 

Ceresan 

at 

3 

0  7.  f 

per. 

bus 

Leytosan 

s,  t 

1 

OS. 

per 

bus 

Ley to sen 

at 

3 

OS. 

per 

bus 

Leytosan  P 

at 

1 

oz. 

per 

bus 

Untreated  grain 

A  similar  experiment  using  five  salve  tins  for 
each  treatment  and  five  for  checks  was  set  up  on  July 
21  to  test  llulligan’s  Exterminator  Treatment,  processes 

It 

#  1  and  §  2.  Treated  grain  for  these  experiments  was 
kept  in  sealed  mason  jars  and  ren©?/ed  on  September  1 
with  freshly  treated  grain. 

Detailed  numerical  counts  sho?/ing  extent  of 
damage  and  larval  mortality  occurring  under  each 
treatment  are  given  in  Table  IX. 

There  can  bo  little  uncertainty  as  to  the  conclus¬ 
ions  which  may  be  drawn  from  these  experiments.  Org¬ 
anic  mercury  compounds  tested  lirad  no  effect  either 
poisonous  or  repellant  when  used  as  seed  treatments. 

This  is  in  keeping  with  the  results  obtained  by  other 
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DATA  O.A  AjJ  fn. 

Column  A  seeds  er.itf)n, 

Colunn  B  — larvuo  olive. 
Column  C  — -  larvae  d©.  d# 

1 

Date 

Troatrient  uaod. 

of  -  ■ .  Core  son 

'Cere  sen 

Coresan 

Exanl  nation 

i  oz$ 

1  on* 

3  oz. 

A. 

C.  Rea  - . 

A. 

B#  C  •  Hem- 

A  * 

B, 

TJT 

Hem- 

nrka 

arks 

■mf533rir”  ts 

'"1 

"TT 

f»  ■  0 

5 

0 

July  I'a  15 

4 

1 

- 

15 

5 

00 

July  2B  15' 

5 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0 

Aug.  4  15 

5 

0 

15 

5 

0' 

15 

'5 

0 

1 

18 

5 

0 

15 

■  5 

0 

15 

5 

0 

AUg.  11  15 

5 

0 

15 

5 

0 

15 

5 

0 

1 

15 

5 

0 

15 

5 

0 

15 

5 

0 

Aug.  IS  10 

5 

0.  moist 

IS 

5 

0  wet 

14 

4. 

1 

wet 

4 

5 

0  wet 

4 

5 

0  wet 

IL 

5 

0 

wot 

Aug.  Z4  10 

4 

0  dry 

IE 

5 

0  dry 

15 

5 

0 

.  6 

4 

0  dry 

15 

5 

0  dry 

15 

5 

0 

AUg^  31  3 

3 

1  moist 

15 

5 

0 

10 

5 

0 

wot 

E 

4 

0  wet 

14 

4 

1 

5 

‘  E 

3 

dry 

3opt»  B  Q 

4 

0 

U 

5 

0 

Ik 

5 

0 

wet 

0 

4 

0 

11 

4 

0 

Vs 

V 

3 

0 

,jept.l4  1 

4 

0 

18 

4 

0 

1 

3 

0 

0 

4 

0 

0 

3 

1 

3 

6 

0 

Of  Le-ftosrm 

Examination  1 

A  .“"inf.  a®m-' 

arfcs 


Laytostin 
3  o:^« 

A.  B*  0.  Hem- 
arks 


Untreated 

oontrol 

. .  iiWMPW 

B#  C  •  Him- 

orks 


TnXyTT^ 

July  B2 


Aug, 


88 

15 

5 

0 

13 

15 

5 

0 

IX 

4 

15 

5 

0 

15 

15 

5 

0 

15 

5  0 
5  0 
5  0 
5  0 


IF 

15 

15 

15 

15 

15 

15 

15 


5 

5 

5 

5 

5 

5 

5 

4 


F 

0 

0 

0 

0 

0 

0 

1 
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Date 

of 

Sxa mi nation 

Table  9 

Leytosan 

1  oz« 

(oont *d) 

Leytosan 

3  oz. 

Untreated 

control 

A. 

B, 

C .  Hem- 

A. 

B. 

C  •  Hem- 

IT 

B. 

C. 

Rem- 

arks 

arks 

arks 

Aug, 

11 

15 

5  0 

l5 

5  TT 

rs’  T  u 

15 

5 

0 

15 

5 

0 

15 

4 

0 

Aug* 

18 

5 

4 

1  wet 

13 

5 

0  wet 

0 

5 

0 

wet 

4 

5 

0  wet 

5 

5 

0  wet 

2 

4 

0 

wet 

Aug. 

6 

4 

1  dry 

6 

5 

0 

2 

3 

0 

dry 

11 

5 

0  dry 

6 

5 

0 

4 

4 

0 

dry 

Aug. 

31 

0 

3 

1 

4 

5 

0  dry 

1 

4 

0 

wet 

00 

5 

0 

0 

5 

0  dry 

3 

4 

0 

wet 

Sept* 

8 

0 

0 

*7v 

6 

5 

0 

0 

4 

0 

2 

5 

0 

1 

5 

0 

3 

3 

0 

sept. 

17 

0 

3 

1 

0 

5 

0 

i 

4 

0 

2 

5 

0 

3 

5 

0 

1 

3 

0 

Date 

Ley^ 

bosan 

Leytosan 

of 

P 

P 

Untre 

^  ted 

■Examination 

1  oz* 

3  oz. 

control. 

A. 

B. 

0 « 

Hgxe— 

A. 

B. 

C. 

Hem— 

A  • 

Ba 

C ,  Rem- 

arks 

arks 

arks 

July  28 

~ 

■  ~I5 

~u 

n 

"3 

0 

13 

5 

0 

15 

5 

0 

14 

4 

1 

Aug.  4 

10 

5 

0 

15 

5 

0 

15 

5 

0 

- 

15 

5 

0 

15 

5 

0 

13 

5 

0 

Aug.  11 

15 

5 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0 

15 

4 

0 

14 

5 

0 

Aug.  18 

14 

5 

0 

wet 

1 

4 

0 

wet 

6 

3 

2  wet 

14 

5 

0 

wet 

6 

5 

0 

wet 

3 

0 

6  wet 

Aug.  24 

10 

5 

0 

10 

4 

0 

12 

5 

0 

13 

5 

0 

.15 

5 

0 

4 

5 

0 

Aug.  31 

3 

5 

0 

dry 

15 

5 

0 

wet 

1 

2 

3 

11 

5 

0 

wet 

9 

5 

0 

wet 

11 

5 

0 

sept.  8 

0 

5 

0 

1 

4 

0 

0 

3 

2 

2 

5 

0 

4 

5 

0 

3 

0 

5 

sept. 17 

3 

5 

0 

0 

4 

0 

0 

5 

0 

1 

5 

0 

1 

5 

0 

3 

5 

0 

m  . .  '  ■ 


;:''':'X‘\  ;KvU.'i 


. .  . .  ™.,,.  ,  ■■ 

'|||f  4 

y-wSii,  ^  •'•  .  ,  ,.v' •I.' 


•  '  '  ■■  ■>^,  ;-  )'<'‘''^'V' r''*^  Itv 


I'T''  lii  iSi''  /-r" '  ‘  ■■III 

'  '  «T  JM’.  ' 


-I 


^IffS:;.'^  -8,  tS  '  Jif  '  ''  •'>«- 

®r:  ^  ®  ''  f  "1.V'  '■ 

'  s,',’  ’  0 


J  rf(, 

.1' 


‘li' 


^  4  ,  '4:  '\?r-  ;. ' '  .;;fe  -  ■  i ' """ 


■r') 

•lift  '■■'■ 

“i  , -sv ’>■'•'*'  'Kfjw * 


P  4"'^  ,"<l| 

;y',;!;,*‘\,,':' '. ffio  I 


,V..W|  «<i{®|.v 

.:,'.:.*J6»* 


w  i-  ■  'IF 

:."  ':  •’^.■i'i'.ii  x;j  .ift- 


'.!!*  .  il4-.m 


77. 


UFK  ni3T0aT  AND  GOKTROL  OF  niH:;^?0RM3 


•iumiflary  of  d«;ta 

on  mercury  treatments. 

f/ortallty 

Trontment 

Total  sac 
aoten. 

ids  flumbor  of 

larvae 

Cereaan  §  o5. 

- 

— j-g - 

2 

Cerostiin  1  os* 

193 

10 

2 

Cere  Ban  3  os. 

176 

13 

4 

Loytosan  1  os# 

120 

13 

7 

Leytosi  n  5  os. 

121 

10 

0 

Loy toson  P  1  os. 

153 

10 

0 

Leytosan  ?  3  os. 

152 

12 

0 

Untreated  control. 

294 

36 

20fl 

§  On  two  oooasioiis  fungi  inTB4e<3  this  group 
and  raisacl  the  mortality  very  high. 


IMto 
Aug.  E7 


3opt.  Z 


30pt.  B 


30pt.l7 


m>eriT!i0nta  with  Mulliga 

n*s 

■uxtermimitot^ 

»  , 

Prooees.  #  1. 

,  Frocaas  a 

2  Control 

i\ 

XE 

f? 

“t 

AJ- 

'A 

“¥ 

c 

u 

A 

IF 

B 

~F 

15 

'5 

0 

15 

5 

0 

15 

5 

0 

14 

4 

1 

13 

5 

0 

15 

5 

0 

13 

3 

0 

15 

5 

0 

15 

5 

0 

15 

■  5 

0 

15 

3 

0 

16 

5 

0 

15 

5 

0 

16 

5- 

0 

16 

5 

0 

15 

5 

Q 

15 

5 

0 

13 

5 

0 

15 

4 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0 

IS 

5 

0 

19 

5 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0 

18 

5 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0«  . 

15 

5 

0 

13 

5 

0 

15 

4 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0 

15 

5 

0 

15 

6 

0 

mum- 

15 

5 

0 

15 

5 

0 

9 

5 

0 

4 

5 

0 

3 

5 

0 

4 

5 

0 

0 

5 

0 

4 

5 

0 

6 

4 

0 

8 

5 

0 

3 

5 

00 

14 

5 

0 

12 

5 

0 

8 

5 

0 

7 

7 

0 

4 

5 

0 

3 

5 

0 
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Table  9  (contM)* 

Data  on  iSxt-^rmlnatQr  experiments,  (cont ' d ) 

Prooe3'y"jF”l  Process  ^  (jontro^ ^ 


Date .  A 

B 

G 

B 

C 

A 

B 

C 

sept. 30  15 

U’ 

w  mu  I'Pi 

15 

“F 

~u 

5 

0 

15 

5 

0 

11 

5 

0 

10 

5 

0 

9 

4 

1 

13 

5 

0 

4 

5 

0 

15 

4 

1 

15 

4 

1 

o 

5 

0 

13 

5 

0 

15 

5 

0 

12 

5 

0 

Summary  of  data  on  experimei.  ts  with  Mulligan^  s  Sxte r- 
ralHatorT  Total  seel's’^  Number  of  MoftaTity 

eaten  larvae 

3JJ— — g- 


Treatment 


Process  p  1 
Process  §  2 
Control 


328 

298 


—Tf 

10 

10 


1 
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workers  testing  seed  treatments.  Flint  (33)  testing 
the  mercury  preparations,  B  Opsolon,  Bayer  Dust, 
Semesan,  and  Semesan  Junior  c-sme  to  the  same  conslus- 
ions.  lAUillgan’s  Exterminator  (Lead  arseiiate  30;4, 
Copper  sulphate  20>p,  Copper  carbonate  SO'i'i)  also  proved 
ineffective  as  either  a  poison  or  a  repeilant. 

Wirewomxs  feed  on  grain  kernels  by  first  biting 
through  the  bran  layer  and  then  gouging  out  the  endo- 
derm.  I’his  very  fact  makes  it  unlikely  that  any 
treatment  applied  to  th©  outside  of  the  seed  and  weak 
enough  Hot  to  enter  the  seed  will  have  any  effect  on 
these  larvae.  Such  has  proved  to  be  the  case  in  all 
th©  extensive  work  done  on  this  phase  of  control  poss¬ 
ibilities. 
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VII 

AI^  1OTE3TI0ATI0N  OF  MS  EFFECT  OF  SOIL  CONSOLIDATION 
OH  THE  DS"TH  OF  PUPATIGK. 

Metal  cylinders  nine  iuouea  deep  and  six  inches 

in  diameter,  braced  with  wire  hoops,  were  selected  as 

suitable  EDparatus  for  a  study  of  the  affect  of  soil 

consolidation  on  the  depth  at  which  mature  larvae 

would  pu’-^ate*  CoiisolidatiOB,  of  the  soil  was  affected 

at  first  by  hamM®rlng  a  hard  plug  of  r/ist  soil  into 

the  bottom  of  the  oyliMer,  adding  two  inches  of  sifted 

Mmontoa  soil,  inaartiT'.g  a  snug  fitting  wocjden  plug 

and  dropping  on  the  end  of  this  a  four  foot  oylindrlCBl 

post#  Itie  post  miB  drop . ed  through  a  distance  of  one 

foot  twice#  TWO  iwom  inohea  of  soil  were  then  added 

and  the  process  repeotod#  k  third  layer  of  two  Inches 

of  soil  W8S  consolidated  in  the  aone  way  and  loose  soil 

added  on  top  to  the  desired  depth#  Hcsulta  of  tests 

to  detenain©  the  uniformity  of  this  met aod  of  tamping 

are  listed  in  Table  10 ^ A# 

A  preliminary  teat  to  deten^^dn©  t^ie  movBrmnt  of 

larvae  in  the  soli  and  the  effect  of  the  depth  at 

which  th©  larv  .0  were  first  placed  was  prepared  and 

set  out#  Two  XargOi  apparently  mriture,  and  five  srusllj 
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imatura  larvae  wore  used  in  each  cylinder.  Cylinders 

#  1  and  I  2  were  filled  with  el(^ht  and  one  half  Inohos 
of  loose  soil  on  top  of  the  hard  plug.  The  soil  surf¬ 
ace  in  the  oyllndera  was  Just  level  with  thf^t  of  the 
surrounding  soil.  In  cylinder  §  1  t-e  larvae  were 
placed  two  Inches  from  the  bottom,  in  2  they  were 
placed  two  inoha©  from  the  surfeoe*  Cylinder©  i  3  and 

1.^  4  were  tamped  as  oreviousl^;  indic^-^ted  and  four  and  one 
half  inches  of  l^)Oso  soil  plnced  on  top  of  the  last 
tamp.  In  3  the  larvae  were  place/  on  top  of  the 
first  tampod  layer  and  in  #  4  they  ware  placea  two 
inches  frora  the  surface  of  the  loose  soil.  Cyiiuders 

#  5  and  #  6  wore  aun.  lied  with  three  and  one  half  Inehos 
of  loose  soil  and  the  larvae  added  on  top  of  the  first 
and  third  t  -mpad  layers  rear.' actively.  A  cylinder  was 
tested  for  unifot^aity  of  consolidation  and  the  records 
listed  in  Tiibl©  10 «B# 

On  July  10  these  cylinders  war©  removed  from  th© 
inseotory  plot,  one  at  a  tina,  tli©  wire  loosened,  a 
graduated  plug  fittac  agaiust  the  bottom,  and  the  soil 
forced  out  at  the  top  a  little  at  a  time  and  Cfirefully 
exanined,  {Plate  1¥).  lioil  consolidation  tests  were 
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run  on  oach  c|rliMor  just  before  It  waa  ralseU  and  are 
listed  In  Table  i:)©T>tiis  at  which  larvae  iTore  rec¬ 
overed  listed  in  .Itoble  Tills  proli^ainory  exp¬ 

eriment  indicated  that  the  moveroent  of  larvae  in  the 
soil  at  the  above  consolidations  is  umimpeded  and  that 
the  depth  at  which  larvae  may  have  bean  '-laced  at 
the  beginninc^,  of  tht»  experiment  has  no  effoot  on  the  sub- 
sopuent  aistributlon*  In  general  the  ioivao  had  foil- 
OT^ed  the  line  of  leaat  reaiattmoe  and  congregated  In  the 
1-^0 soil* 

Hie  tampinp,  pravioud.y  employed  was  not  proving 
r  satlsfpctcr^^'  metlicd  of  ri©eiix*ln«g  uniform  oc-iisoild‘?tioa. 
Two  days  were  spent  on  various  axx>8rl meats  rith  nuw 
toohniquesip  Finally  a  modified  type  of  the  former  set 
up  was  Eiioptod#  Tti.©  BB,m  snug  fitting  block  was  used 
i, aside  the  cylinders  t3Ut  n.  now  and  much  heavier  tamarack 
post  was  aelectad.  for  drop-^rlnv  on  it.  It  was  found 
important  that  tlie  plug  in  the  bottom  of  the?  cylinder  ba 
level  and  unlforrily  firm,  8pomy  uneven  plugs  resulted 
frora  the  use  of  t^o  wcl  soil  and  gave  very  poor  results 
when  UBod  :'S  a  bnae  to  oonsolidate  soil  on*  3till  more 
import^'Ut  was  care  in  adding  the  loose  soil  before 
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each  traiap.  Best  results  were  secured  by  pouring?:  it  in 
li^^htly  and  distributing  it  evenly  throughout  the  area 
with  a  circular,  swishing  motion  of  the  fingers.  Other 
wise,  if  thrown  in  on  one  side  with  force  or  not  care¬ 
fully  distributed  some  compacting  of  the  soil  took 
place  and  hard  spots  resulted.  It  was  also  thought 
wise  to  drop  the  tamping  weight  an  equal  number  of 
times  from  standing  positions  on  opposite  sides  of  the 
cylinder.  The  follo?/ing  tamping  formula  was  adopted: 

1*  Add  V*  of  soil  —  drop  post  through  6’’  six  times. 

2.  Add  1*^  of  soil  —  drop  post  through  6*’  six  times. 

3.  Add  1”  Of  soil  —  drop  post  thx^ough  6”  four  times. 

4.  Add  1^’  of  soil  —  drop  post  through  6^^  four  times. 

5.  Add  1^’  of  soil  —  drop  post  through  6”  four  times. 

6.  Add  1”  of  soil  drop  post  through  6"  four  times. 

7.  Add  1”,  E” ,  3”,  or  4'V  of  soil  as  desired. 

On  July  26,  1936,  one  such  cylinder  was  thus 
tamped  and  eiglit  larvae  placed  on  top  of  the  fourth 
tamp.  Two  inches  of  loose  soil  were  added.  Consolid¬ 
ation  tests  are  given  in  Table  10 » 

The  larvae  appeared  to  have  no  difficulty  in  bury 
ing  themselves  under  the  surface  of  the  firmly  packed 
fourth  tamp.  After  two  days  this  tank  was  tested  and 
the  consolidation  found  unchanged.  ]:)epths  at  which 
larvae  oocurrea  are  given  in  Table  11.  All  larvae 
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L  LIFS  HISTORY  AND  CONTROL  OF  WIRSWORIJIS. 

apT^eared  healthy  and  she  ed  no  signs  of  damage  from 
the  tamping.  'The  migration  was  again  toward  the  less 
consolidated  soil.  The  u^oil  temperatures  when  the 
tank  was  raised  were;  surface  85  F.  ,  1”  80  F. ,  2**  73F. , 
3”  70  F.  ,  3.5*’  68  F.  ,  4”  66  F., 

iSdmonton  black  soil  had  been  used  in  this  cylinder 
and  was  used  throughout  these  orperinents.  It  was 
surface  soil  from  the  insec tory,  screened  through 
window  screen  and  moistened.  When  the  cylinder  was 
examined  the  surface  whs  moist  from  a  shower  during 
the  night  .  All  the  soil  in  the  cylinder  was  definitely 
moist. 

Larvae  which  were  twenty-*two  millimeters  or  more 
in  length  were  selected  on  ^uly  17  and  10.  Bight  such 
larvae  were  placed  in  each  of  ten  cylinders.  On©  inch 
of  loose  soil  was  used  on  top  of  #  1  and  #  2;  two  inches 
on  #  3  and  #  4;  three  inches  on  #5  and  §  6;  four  inches 
on  ^  7  and  #  8;  while  §9  and  #  10  were  filled  with 
nine  inhhes  of  loos©  soil.  Tests  to  determine  consol¬ 
idation  gradients  were  run  during  the  course  of  the 
exoerirnent  and  tlB  se  we^  e  not  found  to  change  apprec¬ 
iably-  (See  Table  IQ.C.) 
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A  new  supply  of  larvae  arrived  from  Beaverlodge 
on  July  21*  Specimens  over  twenty-two  millimeters  long 
were  selected  from  these  for  a  similar  experiment.  Cyl¬ 
inders  for  this  test  were  arranged  as  follows: 

I  11  and  y  12  —  one  inch  of  loose  soil  on  top. 

f  IL  e^nd  §  14  —  two  inches  of  loose  soil  on  top. 

§  15  and  f--  16  —  three  inches  of  soil  on  top. 

§  17  and  i  18  —  four  inches  of  soil  on  top. 

§  19  and  #  20  —  nine  inches  of  loose  soil  on  top. 

Eight  larvae  were  used  in  each  cylinder.  Throe  cylind¬ 
ers  prepared  as  §  15  and  //  16  were  set  out  as  consolid¬ 
ation  checks.  Larvae  were  placed  on  top  of  the^  fourth 
tamped  layer  in  each  case  except  in  §  19  and  20  in 
which  they  were  placed  four  inches  from  the  bottoms. 

On  exarai nation  only  two  pupae  were  found  in  the  ent 
ire  first  set  and  both  occurred  in  the  some  series ^ 

#  5  and  §  6  containing  two  and  one  half  Inches  of 
loose  soil,  and  were  found  betfjeen  two  and  one  half 
and  three  inches  deep  in  the  loose  soil  on  the  surface 
of  the  consolidated  soil.  No  pupae  were  found  in  the 
second  set.  Depths  at  which  larvae  were  recovered 
are  given  in  Table  12  for  comparison  with  the  experi¬ 
ments  on  depth  of  feeding. 

These  data  make  it  evident  that  before  definite 
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Table  10. A, 

Prelimlrifiry  o onsol i dn tT^m  t oVt s  were  run  to  determine 
the  uniformit5^  of  tamp  saourod  by  the  flrs*^  method 
of  t-mpin^. 

14 

Depth  to  SSToITTootar  sunk  with  eaoh 
T^elght  used. 

oylinder.  (First  throe  teste  near  conti?©) 

"  use  012  3  4567  Ibe, 

Tpm  irrsu  T;m  irrm 

1.50  2.25  3.25  4.E5  5.50  5.30  D.75  B 

1.50  2.0  3.00  3.75  5.73  5.75  5.73  5.75 

1.30  1.75  2.75  3.30  3.50  3.50  3.73  5.75 

1.50  2*75  3.00  4.25  4.75  5.00  5.00  5.00 

1.00  1.50  2.50  3.00  3.50  5.50  3.25  5.25 
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Table  10, Bi 


Consolidations  in  test  cylinder  used  in  preliminary 
experiment  to  determine  movement  of  larvae. 

Weight  used 
Centre 


Edges 


01234567  lbs. 

470^  4775  T71^  T:m  ^72^ 

4.25  4.25  5.25  6.00  7.00  8,25  - 

4.50  4.75  5.25  6.00  7.30  7.50  7.75  - 

4.50  4.75  5.25  6.00  7.50  7.50  8.25  8.25 

3.75  4.00  4.25  7.50  7.50  7.50  7.50  7.50 

4.25  4.5C  4.75  5.00  6.75  7.75  7.75  7.75 


2”  66  F 
#  1  &  # 
»  3 


2 


Consolidation  tests  on  above  cylinder  when  raised, 

July  18.  (Soil  temperatures:  surface  74  F. ,  1"  68  F. , 
3"  65  F. ,  4"  64  F. ,  5”  64  F. ) 

one  pound  took  tester  to  bottom. 

3.75  3.75  4.00  5.00  B  - 

3.75  4.00  4.00  B  - 

2.75  4.50  5.75  6.75  6.75  7.00  7.00  - - 

2.00  4.25  5.25  6.25  7.75  7.75  8.00  - — - 

0.75  1.25  2.75  3.50  5.50  6.00  B  - 

2.00  2.25  2.75  4.00  5.75  5.75  6.00  - 

1.50  2.50  2.75  5.00  6.00  6.00  6.00  6.75 


# 

# 


Consolidation  tests  on  sample  cylinder  tamped  accord¬ 
ing  to  new  formula,  July  26.  Two  inches  of  loose  soil 
were  added  on  top  of  the  consolidation. 

I'Jorth  1.75  2.00  2.50  3.25  4.25  5.00  5.25  6.50 

south  1.75  2!oO  2.50  3.00  3.25  3.50  4.00  4.<.o 

Fast  1.50  1.75  2.00  £.75  3.00  3.50  4.-5  o.OO 

West  1.75  2.00  2.25  2.25  2.50  3.25  2.50  3.50 

Centro  1.00  1.25  2.25  3.i;0  3.50  4.00  4.75  5.25 


Table  10^0* 

Record  of  oonsolid'^ition  tests  run  during  the 
various  experiments  and  at  their  conclusion, 
a.  Tests  made  on  extra  cylinders  of  first  set  uly 

nS""  '''''^*'^25  3.25  3.75  4.25  4.75  5.00  5.75  7.25 
douth  2.25  2.75  3.50  4,00  5.00  6.00  5.50  7.2» 
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^iblo  10 «  C  (cont*d)« 

Te^^ts  mftdo  /vUguotTBT^^’tor  rain  f  fjl'extrt^  cyiiiidor) 
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0.00 

h  0  ' 

<•/; 

it 

75 

3. 

0(; 

3.05 

4. 

0 

6. 

75 

«•«. 

... 

17 

Centra 
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00 
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3, 
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50 

0,76 
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25 
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00 
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0,36 
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3. 

£5 
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75 
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25 
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75 
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75 
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75 
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1,00  1,00  1,35  1.35  1.50  1.75  3.26  2.50 
1.00  1.00  1.05  1.25  1.50  1.76  3.25  2.50 

0.00  1.00  1.00  1.00  2.25  2.50  J ,75  3.25 
0.75  l.ES  1.50  1.50  2.0<i  r  .50  3.0b  4.25 
l.OO  1.25  1.30  1.50  2,00  2.50  5.  0  4.25 
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Table  10,  C  (cont’d), 
#  14  .•  - - — ^ 
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2.75 

3. 

^5 

3, 

,50 

4. 

00 

South 

I4 

.75 

rr 

0  9 

00 

3a00 

3.00 
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[^ISnT^Soft  Ing  fWKii  the  fiVBt  method 
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*I^blQ  11. 

Depths  at  which  larvae  wore  re  cove  ro<i. 

First  GXpQii.rrient# 
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information  can  b©  obtnlnod  on  thin  phase  of  tho  study 
so'ia  criterion  for  the  selection  of  individual  1  :rv<:c 
tiiat  arc  going  to  pupate  must  bo  discovered,  ’-'urk 
don©  at  the  University  of  Alberta  on  the  life  history 
of  this  species  indicates  that  the  length  of  ti^-e  req¬ 
uired  for  the  maturation  of  iiidlvlduals  from  the  sane 
batch  of  variaa  from  thro©  to  at  -least  seven  yo  rs 

Differences  in  the  lengths  of  individuals  bocon©  evid¬ 
ent  very  soon  after  the  eggs  hatch.  At  least  part  of 
this  irregularity  in  mt©  of  development  appears  to 
be  tlia  result  of  different  foods  aval,:  able  and  differ¬ 
ent  conditiaBS  whi-oii  affoet  feoding. 

It  Ima  bean  taown  for  some  tifie  tlio  pupation 

of  this  6p#cfi@0  tiiljes  place  tomrd  the  letter  part  of 
July  and  that  the  pupal  are  formed  as  close 

to  the  surface  as  the  soil  offers  a  sufficiently  firm- 
base.  Hi©  ©xperlrrjsnta  conductea  yielded  no  additiotial 
inforarition  other  than  that  ^ith  regerd  to  the  movem¬ 
ent  of  larva©  in  consol i date...  sail  which  la  discusaed 

later  in  this  ^esia* 
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VIII 

T^m  wiCT  vf  DioTUrmro  n-r^ur  ik 

T!!3  FALL.  ^'JIHT^H  intPHT-aiTY, 

Certain  nrosent  reeomendntlons  for  ocntrol  of 
the  so  larvae  are  baaed  on  tne  dlaturbanco  of  p'';poe  and 
noTily  fomod  adulta  in  the  full  bringing  about  thoir 
deaths  The  fol'owin#^  ia  a  olieelc  upon  wir^tor  mortality 
anong  diat'-^rbeu  baatlos*  Ten  nm^ly  forraed  boatles 
were  rem^TOd  fr<^a  the  life  hiator/  esgea  of  professor 
Strickland  ©xaerinoiita  about  ■Septaiaber  16,  and  wero 
pieced  in  indlTlduai  fioib  eoTered  with  tm  and 

one  half  inoiiss  of  soli  aitd  set  outside  In  the  fallow 
soil  of  the  insaetory®  Fre-rioii£:  to  setting  out  the 
beetles  were  stored  In  moist  soli  in  the  inseotory  end 
were  found  to  be  quite  aetiTO,  run  iog  and  clicking 


when  placed  in  tlie  light  of  the  sun-*  1!lie  wire  guaze 


field  cages  used  for  the  axporinant  were  tied  with 
wire  in  place  of  string  and  fil-©d  with  3te>nton  soil® 
The  fol.lo??liis  tmmp  formula  was  ueods 


Gage  tilled  to  1#S^ 
Cage  filled  to 
B2OTL1  hwm 
Cage  filled  to 
Gage  filled  to 


E  lb*  weight  dropped  1’*  once. 
f  «@lght  dropped  1^  once. 

g.  lb®  wilght  droai'>8d  1""  once* 
with  loo^  soil® 
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After  the  cages  were  paropared  each  was  covered 
with  a  piece  of  cloth  wired  on  and  these  covered  cages 
were  ser  out  into  the  soil  of  the  insec tory  plot  with 
the  surface  of  their  soil  contents  lefel  with  that  of 
the  surrounding  soil. 

The  cages  were  opened  on  April  17,  1937  and  the 
condition  of  each  beetle  noted.  Living  bee:} ties  v^ere 
quite  active. 


tog® 

Depth 

of 

beetle. 

Condi tion 

1 

'p  Hf? 

to 

3.0” 

dead 

2 

S.5" 

to 

3.0" 

alive 

3 

2.5^ 

to 

3.0" 

dead 

4 

2.5^'. 

to 

3.0»» 

dead 

5 

2.5« 

to 

3.0” 

alive 

6 

2.5^’ 

to 

3.0" 

alive 

7 

2.5’^ 

to 

3.0” 

dead 

8 

2.5’^ 

to 

3.0” 

alive 

9 

2.5^ 

to 

3.0” 

dead 

10 

2.5” 

to 

3.0” 

dead 

The  use  of  undisturbed  adults  as  checks  was  imposs¬ 
ible  because  the  cages  had  to  be  raised  and  opened  to 
determine  whether  or  not  the  larv'  e  had  pupated.  There¬ 
fore  little  can  be  said  in  conclusion  except  that  some 
disturbed  adults  viill  survive  the  winter  in  fallow  land 
even  under  e  comparatively  light  snow  covering. 
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IX 

TIIS  ^FFISCT  OF  DILVINAGF  AND  SOIL  TOLOORAPHY  CN  TllE 
V/INT3H  SURVIYAL  OF  AND  NEALY  FOI.MHD  ADULTS. 

An  explanation  wf  s  being  sought  for  the  popul.'  tion 
of  wi reworks  found  in  the  prairie  regions  of  Alberta 
being  larger  than  that  found  in  the  central  uarhlaYid 
district*  The  presence  of  an  island  of  dense  populat¬ 
ion  on  the  prairle-lik©  north  bank  of  the  Saskatchewan 
river  in  Edmonton,  where  the  beetles  wore  collected 
each^ spring,  suggested  the.  effect  of  soil  drainage  and 
topography®  One  would  expect  this  to  be  most  effective 
in  the  early  spring  when  it  would  affect  the  ?/inter 
mortality  of  hibernating  adults*  The  following  exper¬ 
iment  was  devised  to  test  tliis  effect  on  larvae  and  it 
was  hoped  that  at  least  a  few  of  the  laiv  e  selected 
would  pupate  and  give  some  data  on  the  survival  of 
adults* 

On  July  22,  1936  thirty  wire  guaze  cages  nine  to 
nine  and  one  half  inches  long  were  made  and  fastened 
with  wire*  Edmonton  top  soil  was  screened  through 
window  screen,  dampened  as  in  the  larval  activity  exp¬ 
eriment,  and  used  for  these  cages*  They  were  consol¬ 
idated  as  oeries  D  cages  in  the  oviposition  experiment* 


^:■  ‘  iBiW' :  '■ : 


ft: 


<j,'.  ,  .  '  V '  ■  ■  ■  . 


'■  '4 


^v*^‘  .-"V.  .*  •  ^  ■  ■  ■  ^  ■•■•,  .-rv  ■■•'  ,  .'U,  r-  ■''•'•'  ^  ■'  '?*-.^iv'v:’' ;" 

#V\v'"'-T ..  ,■■■;•■■■,  ■'■  jv..  .  ;''?:;v:’-i^vifr’  ^  ■■■■''■•■-:"’ 

}■:■::  a,aa*K4' ■ :, 

■  ■  ^^WvV'- #;raAK  ^■■■'  ■  ,  ^ ,  ■■U::’^?';  '  ■  ■  ’  flJiS 


:■ 


.  ''%• 
*^^W'  '  iU' 


-  ,'  if^,  ,  ■^''  ■V^'-*’'^  .’■-  .  .V.  i  ’.,  •  •^,  -  .,  .  •.^  ■.  Ljr'^  '’’  .-.ABIAK'J  /  ,  • 


f 


;  *46’: 


s  '  ■  '  ■  '^'  ■'  "  '  . .  ' 


■•■  ■■  -ill :  ■  '  'i'  ■ 


:•  ' 


■  i^'S  ■  ■  ■^‘  ''  '" '^-  '.  '  ■  f  ,,'  '  .  ^'''  '^I 

■  ■'  '  '..  .'  '■'■■■■;."■  ■  ' '.''■t:,-'^-'Ti-:!  f  '  '  ,  '  '  ■  ■  '  ■  >■  \''.  ■'  ■;'-■:■•■  •;.!■.  ..  ■  ,a 


a-<;vja,s;a  .  bci  «.;■:(. .  Aifi^A  ASt  - 

:  ■  ;  'b-ft,;.A:r  A-afeA^^  :■ . '  mm^  ^ '  ’ ,.  ..a  .  ■ ’5b v .  I 

ik!  .1  Baili  r.-'.'‘:y  s.. '  'i  .r  ^..‘v  .  ...  ._  ...  £k:  -  ^..t.  .  '  r  <.,.•  .  '!’.«  "i^  yA.'i..l.i  _..'j..vi^. ..  .  I 


5.‘*1'-  /  ir^"'' 


“T  A 

I,-; 


'  ^  T--<“-‘^*- ■■  ’:-'P^’^^'.  '  V^' 


A  ■;V.  v^-'JAa  '  -■■  '  :  '  •  ' 

.'-'  ■  '4'':.;  ■  •■  ■  ■  ■  ,-  ,  a 

*■  A  ft'bi  .  .  ,•  ■  •;' 


li?’.  .4... 

iL>^'  '■•■  • 

'  *f  '  -J  ■  '  '  ■  1  A  ' 

iK»'tSAj’  '■» 


A' 


>A  l.'b£3Z  US^- 


>■••■: ..,  Rs..  ^2 


'  '  *-i.i  :•;.  viv’  V.  '••i 


•  Avkf  ' '  ;' 


■<- '' 


AZ  l^X  .-i-..-  w.  (■  •.  . 


:fciS'>ATa’':';Ai::M  aij* 


.  »%sis  »^A‘trae;3’1<s». 


W'S,  r  'l 


\  f- 


r  .  •  A  z  :■  ■ 


'  <  .  > 


'  V'V  .i.V-  .■■■ 


■  *  ■•  ■ 

.^■■t  :|f..  ,;;  ;j  ■„{.4-.,a  ■'  :i 


A 


95 


LIFE  HISTORY  4ND  GOKTRCL  OF  FTRFF’ORMS 

A  larva  ever  t.  onty-two  milliniGtors  long  was  selected 
and  added  to  each  cage  on  top  of  the  last  consolidation 

A.  Ten  such  cages  were  sunken  in  the  sum  .erfalj ow 
in  the  insec to ry«  Five  were  placed  in  soil  more  or 
less  permeated  with  tne  ro^ts  of  Coiich  Grass  and  five 
were  placeu  la  more  typical  fallow  lande 

B.  Ten  were  placed  in  the  native  poplar  bush  south 
of  Professor  Haroourt’s  residence* 

C*.  Ten  were  placed  in  the  steep  west  slope  just 
west  of  the  drive  behind  the  student ’'s  residence  kitchen. 

A  new  series  of  siBiilai*  cages  was  stocked  from  the 
second  shipment  of  larvae  and  ten  out  of  the  series  set 

in  each  location  as  before,  on  July  31*  Rach  set  of 

/ 

cages  was  'given  a  rough  test  for  uniformity  of  consolid¬ 
ation  which  provea  satisfactory* 

None  of  the  larvae  pupated  so  any  information 
secured  was  solely  on  larval  survival,  forty  to  fifty 
percent  of  the  larvae  survived  the  winter  regardless 
of  the  location®  Larval  mortality  does  not  appear  to 
account  for  the  differenced}  in  larvcil  populiition  noted 
in  the  different  locations* 


LIFE  HISTORY  AND  CONTROL  OF  WIRSWORMS 
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Table  12. 

Effect  of  drn inage  on  the  winter  survival  of  larvae. 
(Gages  examined  April  6  -  17,  1937.) 


A. 

Series  from 

:  fallow 

soil  of  the 

inseetory. 

-JL- 

lepth  of  larvae 

Condition 

Depth  Condi  ti- 

( firs 

t  set) 

( second 

set  y 

1 

3.5^ 

alive 

2.5” 

alive 

2 

3.5” 

alive 

2.5” 

alive 

3 

3.5^ 

dead 

3” 

alive 

4 

6.5” 

alive 

5 

(exuvium  only) 

6 

7 

8 

4f» 

dead 

9 

4’» 

alive 

10 

3.5” 

dead 

B. 

Series  set 

in  pop la 

r  bush. 

1 

deaii 

dead 

2 

3 

4rt 

alive 

4” 

dead 

4 

4^ 

alive 

alive 

5 

4” 

alive 

6 

4” 

dead 

7 

4« 

alive 

4” 

8 

'  4” 

9 

10 

C 

^  Series  from  steep 

slope® 

1 

3” 

dead 

2 

Qn 

alive 

3 

4 

dead 

6” 

dead 

5 

4” 

dead 

6 

5’’ 

alive 

6” 

alive 

7 

rj^n 

alive 

8 

5.5** 

alive 

4” 

alive 

9 

10 

4?s 

alive 

4” 

dead 

Note :  Loose  wires  on  series  A  accent  for  losses. 

'  Losses  in  other  series  due  escape  of  larvae^ 

Series  C  was  still  frozen  and  saturated  when 
raised  and  had  to  be  retained  in  inseetory  to 
dry  out  before  being  examined® 
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X 

‘KiS  SFF:SCT  of  soil  consolidation  and  ON 

Tim  DiS^TH  AND  KTEI'JT  OF  LARYAL  FS-'SDING. 

This  investigation  was  suggested  by  the  depths  at' 
which  larvae  were  discovered  in  the  pupal  survival  exp¬ 
eriment.  The  apparatus  designed  for  controlled  exper¬ 
iments  on  depth  of  oviposition  proved  suitable  for  this 
purpose.  Experiments  were  conducted  as  follows. 

Experiment  1.  The  lamp  was  turned  on  on  August  3, 
and  til©  asbestos  cone  set  with  its  base  touvhing  the 
surface  of  the  soil.  Four  field  cages  of  each  series, 

A,  B,  Cs  D,  and  a  series  filled  with  six  inches  of  loose 
soil 5  series  were  placed  in  the  two  tanks.  One  larva 
had  been  added  to  each  cage  two  and  one  half  Inches  from 
the  bottom  and  five  grains  of  wheat  added  one  inch  from 
the  surface.  These  cages  were  examined  on  August  12 
and  the  depths  of  larval  recoveries  and  the  extent  of 
feeding  recorded.  TeBii>eratur©  records  were  kept  throu¬ 
ghout  the  experiment.  ( Table  13). 

Experiment  2.  A  second  ejsperiraent  x^as  comnenced 
August  18,  when  eighteen  cages  of  each  series  as  above 
were  added  to  each  tank.  One  larva  had  been  placed 
in  each  cage  on  top  of  the  last  tamped  layer  (except 
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um  iii  iwirr  mid  conTROL  of  niHir^^omis 

in  series  K  in  which  the  larvae  were  placed  one  inch 

from  the  surface)  and  five  (grains  of  wheat  nlacocl  r^t 

the  sfim  death*  These  were  ex:'nined  august  24  and  r.6* 

g^xperiment  T^fanty  series  A.,  twenty  series  c 

and  twenty  O'^ch  of  three  na??  series  of  cages  as  fol  ows; 

;3©rl0-a  F  six  inches  of  loos©  soil  on  a  hard  plug* 
series  0  “■«  four  inches  of  looa©  soil  on  a  riard  plug* 
series  If  —  two  inolies  of  loos©  soil  on  a  hard  plug* 

were  prepared  on  septomber  1«  i\ll,  cages  were  supplied 

with  on©  larva  each  and  five  grains  of  wheat  and  tan 

cages  of  ea-ah  aeries  set  in  each  tanK*  '  these  were- 

examined  -September  14* 

.axperinent  4*  Oil  Saptaiaber  20^  1956  metal  eylind-» 
ers  seven  inches  in  diraeter  rmrm  plugged  with  hard  soil 
ond  filled  with  loos©  earth  on  top  of  the  plug*  llieso 
wore  in  tao  serlos  contairiii^  two  and  six  Inchos  of 
1^00©  soil  r&speotiwelfm  Two  cylinders  of  ©-.^-©li  a©ri©s 
were  plac-eci  in  each  tank#  ^y  January ^  when  limiting 
conr.octions  were  finally  secured,  two  iachas  of  water 
were  introduced  into  tho  roetnngul  r  tank:  and  the  Imrt 
turned  on*  On  January  8  -  193^  tlieraomatora  we'xo  intr¬ 
oduced  and  ten  larvae  placed  on  top  of  each  cylinder. 
■Twanty-five  grains  of  iflieat  rmro  than  .seeded  into  aoeh 


PLATE  VII o  LIES  HISTORY  AND  COHTROL  OP  WIREWOmiS 

Uo  of  A.  19S7. 

PHOTOGRAPHS  OP  APPARATUS 


1®  Controlled  temperature  apparatus  in  Horticultural 
root  cellar® 


2®  Pield  cages  in  the  fallow  soil  of  the  inseotory® 


3«  Metal  rectangle  for  testing  seed  treatmeitts 
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one  inch  deep.  Ca  es  v/ere  exarained  January  16  to  Feb¬ 
ruary  1. 

Results  indicate  that  the  larvae  have  no  difliculty 
in  piercing  hard  soil.  In  fact  specimens  kept  in  the 
insec tor y  in  rearing  cages  with  plaster-of-Paris  bottoms 
Invariably  bored  through  these  bottoms  into  the  sand 
beneath  and  moved  freely  up  and  do\?n  through  these 
burrows  as  the  conditions  became  favourable  above  or 
below.  More  in^ortant  in  its  practical  implications 
is  the  indication  that  when  larvae  are  confined  in  a 
limited  space  beti?een  the  soil  surface  and  a  hard  lay¬ 
er  of  soil,  unless  conditions  are  decidedly  unfavourable 
they  tend  to  remain  in  the  loose  soil  and  if  the  grain 
has  been  seeded  into  that  soil  the  damage  is  relatively 
great  because  of  that  confinement.  (Series  H  heated 
tank. ) 

It  would  appear  too  that  grain  is  readily  attacked 
even  when  moisture  is  insufficient  to  bring  about  germ¬ 
ination.  (Series  B  heated  tank.)  When  moisture  was 
so  scarce,  however,  as  to  entirely  prevent  germination 
and  'eit  the  same  time  the  depth  of  the  loose  soil  was 
very  limited  the  larval  mortality  was  high,  (^ries  A 
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Table  15 > 

Consolidation  tests  on  ca^es  used  for  experiments  on 
the  effect  of  soil  temperature  and  consolidation  on 
the  extent  of  larval  feeding • 


Experiment  !• 

'J  el  (flit  used  d) 

1- 

2 

3 

4 

5 

6  7  lbs 

Series  A.  6o75 

0.75  I.PO  1.00 

1725* 

3'.  C)b 

^0'  ^0 

0.75 

0.75 

1.75 

2.75 

2.75 

3.50 

5.50 - 

Series  B.  1.25 
1.50 

1.50 

1.75 

l.vlj 

2.00 

2.75 

3.00 

4.50 

4.75 

Series  C*  2.25 

3.00 

3lW 

4.00 

5.5'0 

— 

’  2.00 

3.00 

3.25 

3.75 

5.50 

- — <- 

- - - - 

Series  D*  3*21) 

3.50 

4.W 

5.50 

6.25 

1.25 

3.50 

3.75 

4.  25 

6.50 

- - - - 

Sxperim'ent 

Series  A  1.00 

1.00 

1.25 

2.25 

3.25 

3.75 

MB  oa 

0.50 

0.75 

1.00 

1.75 

3.50 

3.50 

aeries  bT  1'.7'5' 

2.00 

2.  "S' 

3.  go' 

3.75 

4.75 

— ... 

1.75 

2.00 

2.00 

3.00. 

3.00 

4.50 

Series  C.  1.50 
0.75 

p  OR 

9  C. H.J 

2.00 

O  o  R 

-0  Cj  k/ 

2*25 

2.50 

5.  25 
5.00 

5.25 

Series  D.  1.00 

^  od. 

0  C-.J-r  %J 

3 . 50' 

3.50 

4.25 

G. 

1.50 

3.35 

3.50 

3.50 

4.25 

6.50 

“  — -  - - 

Temperatures  in  degrees  Fahrenheit  recorded  during 


each  experiment. 

Experiment  1. 

tank) 

(heated 

Depth  Aug. 

5 

6 

7 

8 

10 

11 

12 

QW 

IIG 

im 

IM 

HF 

122 

ISF 

IM 

1« 

80 

79 

77 

84 

82 

84 

85 

3’^  ‘ 

75 

74 

72 

76 

75 

76 

78 

5” 

72 

71 

70 

66 

71 

72 

74 

{ unheated 

tank) 

()i",l",3"&  5" 

60 

61 

62 

62 

62 

62 

62 

Experiment  S. 

(heated 

tank) 

24 

Depth  Aug. 

17 

18 

19 

20 

21 

22 

Qtt 

112 

115 

110 

118 

lid 

114 

121 

1” 

90 

90 

77 

90 

81 

80 

80 

5ti 

75 

76 

74 

77 

78 

77 

77 

5” 

72 

72 

66 

66 

66 

66 

66 

( 

unheated  tank) 

0",1”,3”,&  5’» 

62 

60 

60 

60 

60 

60 

59 

ir'l''*''<i'^  N 

-t  Jh  •■  '  >■• 


■'.W’ 


•■'v;;r,:;  :-V 


;  V'” 


4\.T  l.^->l/ 


-  --.v<  ^  ^1,-  .;-  ;  ^,..-r<»(r--«^*»^»«»-A\-_V 

•■'»>’;  I  Ml. •.v  .wy  v,»  y*'  ^ 


4 


«-  ‘-*-.**  .  ..»  •.,  ';  -•<>'•- 

,•  ,^...,fcV.:  .:».-/*>i' *wW  ■ 


j 

I 


«•**»  .•’  ^ 


v 


i 

I 

I 

( 

\ 
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Table  15  (cont^d). 

I’emneratures  in  de^^rees  Fedirenlieit  recorded  during 
each  experiment.  (Cont’d) 


iCxperinent  5.  (heated  tank) 


Depth 

Sept.  2 

3 

6 

8 

11 

12 

14 

102 

102 

96 

90 

l02 

T5o 

97 

2*’ 

70 

76 

75 

70 

72 

78 

70 

4’’ 

68 

72 

72 

69 

69 

73 

64 

6« 

66 

66  '  66 
(unheated 

68 

tank ) 

66 

68 

60 

0«,1" 

5"  60 

60 

60 

59 

59 

59 

59 

Experiment  4. 

Depth  jQn. 

(1937) 

8 

o« 

52 

1« 

50 

3” 

46 

44 

0",3''.&  5" 

55 

(heated  tank) 


10 

12 

14 

16 

'TS 

~5I 

~6r 

52 

50 

53 

52 

48 

46 

49 

47 

46 

44 

46 

45 

(unheated 

tank) 

35 

35 

35 

34 

Data  on  feeding  and  depth  of  larvae. 

5® s^lts  from  series  A  cages. 
(heated  tankT  Bepth  Grains 


Grain 

eaten 


of 

la  rva 


gemin- 

ated 


Notes o 


b 

0 

0 

Oi 

. 3^’"  . . 

5ft 

0.75” 

1.50” 

0 

0 

0 

0 

on  a  root 
on  a  root 

weed  se-dling  eaten 
dead. had  circled  plug. 

,2  0 

0.5” 

0 

dead 

0 

0.5" 

0 

dead 

0 

1.5” 

0 

sick 

0 

2” 

0 

dead 

0 

2.75” 

0 

0 

3” 

0 

0 

2” 

0 

molted  lower  in  cage 

0 

2” 

0 

dead 

0 

0.5" 

-  0 

dead 

1 

-  1.5” 

4 
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•Cable  13  ( 

cont^d) ^ 

Data  on 

f  eding  and  deut^i  ol 

f  larvae .  ( Cont  *  d ) . 

Results  from  series  A  eagos. 

(hOiited 

tank) 

Depth 

Grains 

Grain 

of 

germin- 

3*xp*3 

eaten 

larva 

Qted. 

notes 

^  '  *."1 

IT 

'extons  i vd  tunnel  1  iiig 

0 

1»5" 

0 

no  tunnels 

0 

0 

a  fov/  tunnels 

4 

4" 

0 

extensive  turn  els 

0 

1*5’" 

0 

few  tunr  els 

0 

1.5" 

0 

few  tunrels 

.  0 

2» 

0 

some  tunj  els 

2 

3*5*’ 

0 

son©  tunnels 

1 

3^ 

0 

tunnels  to  plug 

0 

0,5" 

0 

dead,  ao  tun  els 

Average 

*Dotal  number  of  cagee 

—  S4 

(uiiheoted  tank) 

1 

0 

feeding  on  we^d  r^  ot 

0 

feeding  on  weed  root 

0 

8" 

feeding  on  root 

0 

0.5" 

dead 

2 

0 

1” 

■'T - 

0 

*2e5’’ 

4 

0 

5 

no  sign  of  escape 

0 

0*5’^ 

5 

dead 

0 

0.5^ 

5 

just  molted 

0 

1.5" 

5 

dead 

0 

1^^ 

5 

r  otlet  in  mfmdibles 

0 

0.5" 

5 

dead 

0 

0.5" 

5 

0 

0.5" 

5 

.iXP*  3"" 

ors^'” 

5 

dead 3  no  tunnels 

1 

0.5" 

3 

deed,  no  tun  els 

0 

5 

extonsive  tuir  eiling 

0 

5 

extensive  tunnelling 

0 

0 

some  tturinelling 

1 

0.5" 

3 

no  tunnelling 

0 

3 

extensive  tunnelling 

0 

0.5" 

5 

dead,  no  tunnelling 

5 

1 

little  tunnelling 

0 

5 

little  tunnel  ing 

iver^ge 

0.3 

Total  number  of  cages  -- 


24 
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Table  13  (cant’d). 

Beta  on  feeding  anT’dep'th'lTf  Tarva^^^^  (Cont’d). 


Results  of  series  B  cages. 


(Heated  tanS:)’ 

Depth 

Grains 

Grain 

of 

germin- 

Exp.i  eaten 

larva 

atod 

Notes 

0 

dead  on  moist  soil 

2 

5’» 

in  firm  moist  soil 

— 

.u  « 

in  cell  in  moist  soil 

_ 0 

1.5” 

dead 

Exp .  2  c 

4.5’^ 

0 

5 

3^' 

0 

0 

1.5»» 

had  molted 

5 

i.S” 

,0 

2 

2.0« 

0 

tunnels  to  plug 

3 

no  hole  in  plug 

0 

, 

2 

2.5” 

- 

0 

4” 

5 

0  . 

0.5^’ 

3 

dead 

Average  1.3 

2.15” 

Total  number  of 

cages 

14 

(unheated  tank) 

Exp.  1  0 

s.s# 

tunnelled  around 

0 

1” 

dead 

0 

0.5” 

dead 

2 

2.5” 

in  firm  soil 

JSxp.  -2  3 

- - 

no  hole  in  plug 

2 

3.25" 

2 

1 

1 

2 

1 

1 

5 

2 

0.5" 

4 

3 

— 

no  hole  in  plug 

1 

2.5” 

5 

dead 

0 

2.5” 

5 

1 

0.75” 

6 

4 

0.5” 

2 

ATerage  1.5  1.6" 

Total  number  of  cages  —  14. 
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Table 

13  (cont^ 

d). 

Data  on  feeding  and  depth  of  larvae. (Cont'd). 

Resiilts  of 

Series  C  cages. 

Srains 

^Heated  tank) 

Grain 

Death 

germin- 

j5xp*l  eaten 

of  larva  a ted 

Notes 

2 

1” 

1 

dead 

0  - 

4»» 

0 

alive 

4 

5«5” 

1 

alive j  on, plug 

0 

la5^» 

0 

dead 

dlzp,2  5 

3.75” 

1 

3 

2.25” 

.  3 

5 

2.5” 

5 

tunnels  to  4.5” 

5 

2*25” 

0 

extensive  tunnelling 

5 

UJ  « 

0 

tur^  els  to  plug 

5 

p  pi=;tt 

0 

turi.  els  to  plug 

5 

2.25" 

0 

tunnels  to  plug 

5 

2.25” 

0 

tun  els  to  plug 

5 

2.25” 

1 

tunnels  to  plug 

5 

2.25” 

0 

tunnels  to  plug 

:s^.3  5 

3” 

0 

tunnels  to  plug 

5 

5.5” 

0 

tunnels  to  plug 

2 

5.5” 

3 

tlinnels  to  plug 

m 

3 

3” 

0 

tun  els  to  plug 

3 

1” 

0 

almost  to  plug 

5 

5.5 

4 

extensive  tunnels 

5 

4” 

0 

tunnels  topplug 

5 

r;n 

0 

tunnels  to  plug 

5 

5” 

0 

tunnels  to  plug 

Average  3,5 
Total  number  of 

3,5” 

cages 

—  24 

(unhaated  tank) 

Sxp.l  2  1" 

1 

der  d 

0 

4 

4?t 

5.5” 

on  plug 

0 

1.5” 

dead 

ii:xp.2  3 

4.5” 

'4 

5 

3” 

1 

1 

1.5" 

5 

plug  intact 

1 

1.5” 

5 

plug  intact 

0 

2” 

5 

tunnelled  to  2.5” 

1 

5 

0 

1.5” 

5 

plug  broken 
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Table  15  (contM)  • 
Data  on  depth  and  feeding  of  larvae. 


Results  of  Series  C  cages. 


(unheated  tank) 

Grains 

Sxp#2 

Grain 

Depth 

germin- 

{ corit ’d; 

eaten 

of  larva 

atei 

Notes 

1 

4 

4 

4« 

4 

plug  intact 

0 

0.5” 

5 

feeding  on  shoots 

Rxp.3 

3 

1” 

2 

tunnelled  to  plug 

5 

0.5” 

0 

no  tunnels 

3 

0.75” 

2 

no  tunnels 

5 

0.5”‘ 

0 

tunnels  to  plug 

0 

5 

no  tunnels 

4 

1 

no  tunnels 

2 

1”  « 

4 

tunnelled  to  plug 

5 

1” 

2 

tun  el led  to  plug 

0 

5 

no  tun  els 

Average 

2.1 

Total  number  of 

cages 

23 

Results  from  Series 

D 

cages. 

(heated  tank) 
Sxp.l  0 

4 

4 

on  root 

2 

6 

0 

6 

1 

0 

6  “ 

1 

ito.2.  5 

3,gS" 

4 

no  tunnels 

■>  H  iF"iiiiiiTim  _ 

5 

5.C” 

1 

tun  els 

to  plug 

5 

2 

1 

tunnels 

to  plU' 

5 

2.58 

2 

tunnels 

to  plug 

5 

6? 

2 

tunnels 

to  5.5” 

5 

3^5” 

1 

tuni  els 

to  plug 

5 

3.5” 

0 

tunnels 

to  plug 

5 

1.5” 

2 

tun"  els 

to  5" 

5 

0 

tun-iels 

to  plug, soft 

5 

3,5” 

5 

tuuiels 

to  plug 

Average  3 

3.94" 

14 

Total  number  of 

cages  -- 

(unheated  tank) 

5 

i£xp.l  0 

3.5” 

0 

4” 

5 

0 

0 

3.5” 

2”  __ 

J. 

dead 

— _ 

LIFS  HISTORY  AHD  CONTROL  OF  \7IRSV/OHIv!S 
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Table  15  (cont*d) 
Data  on  feeding  an^  "depth  of  larvae 


( unhee  ted 

tank) 

Grains 

j£2Cp.2  Groin  Depth  of 

germin- 

eaten  larva 

ated 

Notes 

2 

2.75” 

3 

no  tunnels 

4 

2.5” 

2 

no  tunnels 

4 

3” 

2 

tunuels  to  4” 

1 

2.5” 

4 

no  tunnels  below  2.5” 

3 

3” 

0 

tunnels  to  3.5” 

1 

3” 

4 

tun.  els  to  3.5” 

3 

2 

1 

tunnels  to  plug 

1 

3.25” 

5 

tunnels  to  3.5” 

2 

0.5” 

3 

tunnels  to  plug 

0 

4 

plug  broken 

Average  1.5 

2.7” 

Total  number 

of  cages 

14 

Results  from  30 

lies  S  cages. 

(heated  tank) 

Sxp.  1  4 

1.5” 

0 

in  dry  soil 

5 

o 

C) 

1 

on.  root  in  moist  soil 

3 

1.5 

3 

dead 

0 

6.5" 

5 

on  hard  plug 

3xp.2  '  'o'  "  ” 

0 

tunnels  to  plug 5 dry 

1 

6” 

0 

tunnels  to  plug, dry 

2 

6.5" 

0 

tunnels  to  plug, dry 

1 

7.0" 

0 

tun  els  to  plug, dry 

4 

3” 

0 

tunnels  to  plug, dry 

1 

0 

tun  els  to  plug, dry 

1" 

0 

no  turn. els 

4 

4.5” 

0 

tunnels  to  plug, dry 

5 

4.5 

0 

tunnels  to  plug, dry 

5 

2.5” 

0 

tunnels  to  plug, dry 

Average  3m t 

3.8a” 

Total  number 

of  cages  — 

14 

(unheated 

tank) 

dead 

Sxn.l  3 

3” 

2 

0 

5” 

5 

seedling  fed  on 

1 

3” 

4 

1 

17  f? 

4 
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Table  13  (contM) 

—  — - 


Data  on  feeding  de p ST^f  la rvae . 

Results  from  Series  S  cages. 
( unlieateS  tan£]~  '  ^ 

Grain  Depth  of  Groins 
eaten  larva > 

3 


germinated 

3 


0 

0 

0 

2 

4 

1 

4 

0 


1’^ 


4 

4 

4 

4 

1 

4 

2 

A 


( tunnels  difficult  to  see  in 
Average  5.1- 

Total  number  of  cages  —  14 


Noteg 

tunnels  to  plug 

no  tunnels 
no  tunnels 
tunnels  to  5” 
no  tunnels 
no  tunnels 
tunnels  to  plug 
no  tunnels 
tunnels  to  plug 
no  tu  els 
soft  soil) 


(heated 


Results  from  Series  F  cages, 


Average 


5 

0 

tunnels  to  plug 

5 

1 

no  tunnels 

5 

6” 

0 

extensive  tunnels 

2 

5.5^’ 

1 

some  tun  els 

1 

4” 

3 

some  tnnnfels 

1 

5 

©xtensive  tunnels 

5 

6*5^ 

0 

extensive  tun  els 

5 

1" 

0 

no  tunnels 

0: 

V* 

5 

no  tun  els 

^7? 


■4.05^^ 


Total  number  of  cages 
(unseated  tank) 


10 


'c;;i  iifcjiwwi 


5 

0 

tunnels  to  plug 

0 

0.5^ 

5 

some  tun  els 

5 

0.5^ 

0 

no  tun- els 

0 

ce» 

5 

no  turn  els 

0 

•eok  «a» 

5 

no  tunnels 

4 

1« 

1 

no  tunnels 

5 

1« 

0 

extensive  tun  els 

2 

1” 

3 

extensive  tunnels 

0 

5« 

5 

no  t uncials 
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TgJ)lo  IS  (coat’d), 

DntB  on  feoriing  antOE’itii  onLarvoe. 

nasults  of  series  F  c  .^eso 

^  '  wwtwmii  inn  iwi  m  'nir—w  mnmomm  \m  i 

,(unheatotl  taiiR 
iil3gp»S  Grtiin  Depth  Grains 

TSonT^d)  eaton  of  lorva  Eoi^^natod*  Notes 

b  5_  no  tmi>-0X¥ 

ATera^e  •  2T??~r*4’** 

Total  auiriher  of  C'v^es  •  10 


Besults  of  series  G  oage-  . 
(he^.t^d  fejEi&l 


DXp.S 

4 

4.5^ 

0 

exterisiv©  tunnels 

4- 

4*^  - 

1 

sons  tuna© Is 

3 

0.5” 

1 

dead 

1 

0 

tunnels  to  lug 

5 

4.5" 

0 

tunnels  to  plug 

3 

4*  5*^ 

E 

tunnels  to  olug 

0 

4"* 

5 

tunnels  to  plug 

5 

0 

tunnels  to  plug 

5 

4^ 

s 

tunnels  to  plug 

5 

0  tunnels  to  plug 

AYeraga 

-w  m 

T" — 

Total  BUiah, 

of 'oagea^ 

10 

(unhe  otad  t  i 
^S:5>#3  •  O' 

1^ 

4 

no  tunnels 

"  3 

0 

no  tun  ;  ols 

0 

i" 

2 

no  tunnels 

3 

5 

no  tunnels 

5 

1 

extensii?©  tunnols 

5 

0 

some  tun  els 

0 

1 

5 

some  tun  els 

5 

0 

some  tunnels 

0 

5 

a  few ,  tmuels 

0 

0*5" 

5 

no  tunnels 

Averege 

JLai 

Tot  1  number  of 

cages 

10 
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Table  13  (cent 

»d)*  ‘ 

Data  on  fea< 

ding  (md 

depth  of  larvae 

Results  of 

Series  H 

cages* 

{ he ated  t ank ) Dec th 

Grain 

Grain 

of 

germin- 

Exp *3  eaten 

larva 

atod. 

Notes 

b 

2^» 

no  tun": els  belcs?  2.5” 

3 

2’V. 

no  tunnels  in  plug 

5 

loos 

no  tunnels  below  2,5” 

5 

1.5" 

damage 

no  tun  els  in  plug 

5 

1« 

extensive  tunnels 

5 

2.5" 

no  tunnels  in  plug 

5 

2.5" 

no  tun  els  below  3” 

5 

1*5’! 

no  tunnels  in  plug 

5 

2*5” 

no  tunnels  in  plug 

5 

1*5” 

Average  5 

IT*  7” 

Total  number 

of  cages 

10 

1  unheated  tank) 

*3  3 

1” 

2 

no  tunnels  in  plug 

4 

p  Kn 

1 

no  tuniiels  in  plug 

1 

4 

tunnelled  to  plug 

4 

1”  , 

1 

no  tunnels  in  plug 

0 

2*5” 

5 

no  tunnels  in  plug 

0 

1” 

5 

no  tunnels  in  plug 

2 

2” 

3 

no  tunnels  in  olug 

0 

5 

no  tunnels  in  plug 

0 

2*  5” 

5 

no  tunnels  in  plug 

0 

4 

no  tun  els  in  plug 

Average  1*4 

ITS^r 

Total  number 

cages 

—  10 

Data  on  fe .iding  and  larval  depths  in  metal  cylinder 

expeil  lentSi, 

{heated  tanlc)  > 

Cylinder  1«  (2”  Ibose  soil) 

Top  1”  of  soil  very  dry* 

22  ungorminated  seeds'--  3  seeds  in  moist  soil--l  gemin 
ated*  Larvae  recovered;  at  1”  — -  1 

at  2'»  >  3 

at  4”  ---  5 
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Table  15  (contM). 

Data  on  feeding  and  larval  depths  In  metal  cylinder 

experiment 3 « 

(heated  tank) 

Cylinder  2»  (S’’  loose  soil) 

Top  1”  of  soil  dry  —  S'^  ungerminated  seeds. 

Larvae  recovered:  at  surface  1  dead 

0.0” «1. 5”  ‘  4 

l,5”«-S.O”  — —  S 

S.0”«3«0”  2 

3.0”->4.5”  - - -  2 


Cylinder  3  (6”  loose  soil) 

Top  1”  dry  • —  25  ungermin*« 

ated  seeds. 
Mo  damage 


Cylinder  4  (6 

Top  1”  dry  ~ 


Larvae  recovered: 


e. 

0”-1.5”  — 

1 

•*Li  0 

5”-2.0”  — 

■  1 

2. 

0"-3.0”  — 

>  1 

3. 

0”-3^5”  — 

•  1 

3. 

5”-4.0”  — 

1 

4. 

0”-4a5”  — 

■  3 

below  4.5”-*” 

‘  2 

(in  plug)  - 


loose  soil) 

20  ungerm¬ 
inated  seeds 
4  deeper 
4  damaged 
i  gemin¬ 
ated 

1 

0 

0 

0 

4 

4 

1 


{ urihe  a  t  ed  t ankT 
Cylinder  1  (2”  loose  soil) 
1 2  larvae  in  top  1.5”- 
seeds  Just  germinated- 
no  damage 


Cylinder  2(E”loos0  soil) 
7  alive  —  1  dead  in 
top  0.75”  —  1  at  1” 

One  seed  eaten. 


Cylinder  3  (6”  loose  soil) 

8  iarvae  above  1.^” 

1  at  2” 


Cylinder  4(6”  loose  soil) 
9  larvae^  scattered 
through  top  4” . 


Ill, 


LIFS  HISIa-  HY  AXfD  OONTROL  OF  WIRE’VQRMS 
heated  tank}* 

Under  cool  moist  conditions  larvae  may  often 
travel  on  the  surface  of  the  ground.  This  is  suggest¬ 
ed  by  the  number  of  escapes  from  c^ges  in  the  unheoted 
tank  A7hen  no  evidanoe  of  breaks  in  the  plug  was  to 
be  seen  and  is  in  keeping  with  tha  observations  of 
larvae  on  the  sufface  of  the  insectory  plots  after 
these  had  been  watered  and  of  escapes  on  the  surface 
of  the  Insectory  soil  on  two  occasions  in  the  morning 
after  rain. 

These  experiments  suggest  but  do  not  settle  a 
question  as  to  the  value  of  keeping  a  field  heavily 
infested  with  wlrewoms  shallowly  cultivated  and  thus 
confi-ing  the  larvae  in  a  small  space  between  the  surf- 
face  of  the,  soil  and  the  shallow  plow  bottom,  in  which 
space  the  seeded  grain  is  easily  available.  Might  not 
this  practice  anliance  the  damage  which  a  given  populat¬ 
ion  of  larvae  might  do?« 
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LIFU  iriSTOHT  mD  COUTT^L  OF  ’/ilHIiTTOH:! 


XI 

3UimRY  Mm  C0NCLU3I0K3 

1.  %gs  of  aerli>Q,ii^3  do  s  true  tor,,  BTorni^ 

imder  3di!K>ntoa  conditions,  hatch  roadily  at  depths 
of  one  inch  or  mre  below  the  surface  of  the  soil. 

2.  Continuous  temperatures  of  forty  decrees  Cent¬ 
igrade  coupled  with  high  humidity  for  periods  of 
t  enty-four  hours  or  more  are  fatal  to  fonKile 
boetloSa 

3.  fh©  greatest  impetma  to  egg  laying  is  offered  by 
constant  tern  ora tures  between  fifteen  and  twenty- 
five  degrees  Oentlgr??d0  inclusive. 

4.  ’"^@11  fed  foiaala  beetles  lay  fro®  four  hundred  to 
one  thousand  eggs. 

5.  I^th  B&mB  of  adult  moYo  alx>ut  to  a  lim- 

iteci  extent  on  th©  surface  of  the  soil. 

6.  fenalo  beetles  do  not  boro  into  soil  offering 

a  rosistenoe  of  three  pounds  or  more  to  our  tester. 

7.  A  large  percentage  of  femle  beetles  tey  be 
induced  to  oviposit  In  artificial  field  cages  if  the 
cages  are  sat  ..ith  the  surface  of  their  soil  cont¬ 
ents  below  tiiat  of  the  surrounding  field  soil. 


113. 


LIF3  HISTORY  AHD  CONTROL  OF  WIRSWORfJS 

8.  Any  form  of  cultivation  involving  plowing  renders 
Edmonton  soils  freely  accessible  to  fomale  beetles 
to  a  depth  of  over  two  inches 5  at  least  during 
the  current  year. 

9.  The  mercuric  dusts,  Hew  Improved  Ceresan,  T4eytos- 
an,  and  Loytoaan  P,  and  ©le  ?,?ulligan  Exterminator 
used  as  seed  treatments,  have  no  poisonous  or 
repellent  effect  on  wi reworms. 

10.  Length  of  larvae  is  no  criterion  of  maturity. 

11.  A  percentage  of  newly  formed  adults  survive  the 
winter  under  a  light  snow  cover  even  though  dist¬ 
urbed  the  previous  fall. 

12.  Drainage  of  the  soil  appears  to  affect  larval 
survival  in  the  spring  very  little  if- at  a.ll. 

13.  Grain  is  attacked  by  these  larvae  oven  under  very 
dry  conditions  but  excessive  drought  coupled  with 
heat  and  a  shallow  hard-^pan  increases  larval  mort¬ 
ality. 

14.  Larvae  tend  to  work  in  the  looser  soil  and  when 
confined  between  a  shallow  "hardpan”  and  the 
surface  do  relatively  greater  damage. 
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PLATS)  VTIIo  LIFE  HISTORY  AND  CONTROL  OF  HIREVYORJAS 

U»  of  Ao  1937® 

ADDITIONAL  PHOTOGRAPHS 


1®  Wired  metal  cylinders  set  in  fallow 

of  the  insectary*  (  Note  also  the  wooden 
blocks  and  the  tamarack  post  used  for  consolidat 
ion  of  the  soil) 


2®  Soil  tdster  being 
used  on  soil  in 
metal  cylinders. 
Also  consolidation 
apparatus* 


The  folloiilng  bibliotrrnph^  gives  most  of  tiio  Amerie  n  publications  on  all  phases 
of  wlreworr^i  worlc#  A  moTO  ooraplete  Hat,  wltli  titles,  up  until  the  tine  of  pub¬ 
lication  is  to  be  found  in  1fios5aSj,C*A.  {191} 

(Papers  marked  #  are  tliose  to  which  the  %vrit©r  hod  ooc  iss*) 
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1N3THUCTI0H3  FOB  Tim  U3I^  OF  laiLLIGAN  FXTSPJvdINATOR 
FOB  IVIRr-OMS  AMD  ALL  IHSSCTS  INJURIOUS  TO  PUsLIT  LIFS 
ALSO  FOR  THE  PREILOTION  OF  3L1UT  IN  GR/iIN. 

(Tha  only  3ure  remedy  for  field  and  garden  pests*) 

Manufacturers: 

J,D.MrjLLIGAlT  LTD,  , 

Peace  BiYer,  Alberta. 

THE  laJLLIGAN  EXT^RlvlINATOR 
Process  #!.*»  Treatment  of  seed  grains. 

DIssoIy©  Exterminator  in  COLD  water,  one  pound  to 
one  gallon,  mixing  well.  Let  stand  for  a  day  in  a  cool 
place  with  a  fairly  tight  colder. 

The  next  day  moisten  grain  and  let  stand  for  a  few 
minutes  to  com  -lets  dripping#  Stir  Exterminator  solut¬ 
ion  thoroughly  and  pour  oTer  grain,  distributing  eveiay. 
A  convenient  batch  is  25  bushels  of  grain  with  2|  gall¬ 
ons  of  solution# 

Cover  with  sacks  or  canvas  and  sow  THE  NEXT  DAY 
WITrlOUT  FAIL.  Make  sure  drill  is  putting  seed  at  least 
2t  inches  down,  and  seeding  at  least  1^  bushels  to  the 
acre  in  the  case  of  wheat  and  barley,  and  2  bushels  to 
the  acre  in  the  case  of  peas  and  oats.  Float  the  land 
at  once  to  retain  all  the  ingredients  of  the  Extermin¬ 
ator  in  the  ground#  Floating  will  close  the  pores  of 
the  ground  and  enable  gas  generr  ted  by  the  Exterminator 
to  pemeate  the  soil# 

DO  NOT  USE  METAL  CONTAINSRS  FOB  TllB  EXTERMINATOR 
SOLUTION.  Use  ^fooden  or  earther-ware  only. 

Process  #2#-  Seed  grain* 


Moisten  grain  evenly  a ^d  mix  Exterminator  (dry  form) 
into  it  by  means  of  a  shake;,'  made  by  punching  holes  in 
the  top  of  a  tin  can.  Use  2i  pounds  to  25  bushels  of 
grain#  Soe  the  grain  and  float  the  land  as  in  Process 

#1. 
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Process  #5.-  For  treatment  of  vef>;eteble  gardens. 

Prepare  the  ground  well  and  cultlv  te  mo  that  it 
is  in  a  fairly  rough  state* 

Moisten  well  a  quantity  of  bran  sufficient  to 
cover  the  area  to  be  treated  and  mix  in  dry  Exterminator 
in  the  proportions  of  one  pound  to  ten  pounds  of  bran. 
MIX  TIiOHOUGgILY.  inroad  lightly  over  the  plot  end  harr¬ 
ow  at  once,  than  float,  and  the  garden  is  ready ^ to  plant 
which  should  be  done  as  soon  as  possible. 

When  setting  out  cabbages,  tomatoes,  or  other  sim¬ 
ilar  plants,  mix  a  solution  of  one  pound  of  iilxterminator 
to  two  gallons  of  water  and  pour  a  half  cup  of  the  sol¬ 
ution  around  the  stalk  of  each  plant.  In  no  case  put 
the  solution  on  ht  leaves  or  on  the  vegeotebles  when 
growing* 

Process  #4.-  For  flower  gardens * 

Treat  as  for  vegetable  garden,  Prooes?"  ^3. 

Vdaen  plants  are  Infested  spray  with  half  strength 
solution,  mix  half  pound  of  Exterminator  to  two  gallons 
of  water*  Use  fine  spray.  Two  applications  will 
usually  be  found  suf  icient  for  one  season. 

Always  rinse  sprayer  after  using  as  the  Extermin¬ 
ator  may  corrode  the  metal. 

Process  For  potatoes. 

Mix  half -strength  solution,  hfilf  pound  to  two  gall¬ 
ons  of  water.  Dip  potatoes  in  solution  and  when  dry 
cut  and  plant  in  the  usual  way. 

It  is  well  to  treat  potatoes  on  the  ground  to  be 
planted  so  that  any  drip  will  go  into  the  soil,  but 
ground  should  be  raked  over  If  there  is  any  chance  of 
stock  licking  it. 
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APPEMDIX. 


Process  fox  ^rosahoppQrs^ 

Moisten  100  pounds  of  bran  and  thoroughly  into 
it  10  pounds  of  dry  Extonuinator*  Place  in  continuous 
rows  about  ten  rods  apart  the  length  of  the  field. 

A  gallon  of  molasses  added  to  this  mixture  will 
make  it  more  effective. 

Process  #7.-  For  orchards  and  shrubs. 

Mix  a  heJLf  pound  of  Exterrainator  to  two  gallons  of 
water  and  spray  all  trees,  shrubs,  and  ground  with  a  fine 
spray,  not  sufficient  to  leavo  foliage  wet.  Never 
spray  whan  fruit  is  forming. 

Baer  in  mind  that  the  home  of  insects  in  the  orch¬ 
ard  is  in  the  groimd,  so  the  ground  should  be  sprayed 
early  and  at  intervals  so  as  to  destroy  the  young 
insects  as  they  are  hatched. 

Do  not  pasture  stock  in  the  orchard  after  spraying 
until  there  has  been  a  heav^"  rain. 

DO  NOT  iminmamTon  to  be  loo  pbihgsnt 

EFFmJTITE  TicSi  FIB3T  SEASCN.  It  is  not  guaranteed  to 
be  more  than  50  to  80  percent  effective  as  a  result 
of  cne  treatment.  If  instructions  are  folioi'sred,  how¬ 
ever,  the  second  treatment  (the  next  year)  will  be 
100  percent  effective, 

CAUTION 

TEIS  EliTEBlIINA'TGB  IS  DEADLY  P01.:3CN. 

Rubber  gloves  should  be  worn  when  handling  either 
in  solution  or  in  dry  fovto. 

Care  must  be  taken  not  to  use  any  container,  for 
humans  or  for  stock,  after  containing  the  Exterminator 
in  any  form. 

Be  oereful  to  avoid  stock  reaching  the  Kxterniinat- 
or  licking  the  ground  where  it  has  dripped. 
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AM'IDOT-S 

Send  for  a  doctor  at  once* 

Give  an  emetic  “I'romptly. 

Sn^ty  the  stomach  by  means  of  a  siphon  cautiously 
inserted* 

Give  hydrated  ferric  oxide  followed  by  raw  eggs 
and  milk  and  mucilaginous  drinks* 

THE  MULLIGAH  EXTEKMimfOH  PJREfEHT^?  3MUT  IH  GRAH;.  NO 
FUBTHiSH  TRSAT^IMT  13  NBOESSAHY  FOB  TiilS  PGBI^OSS. 

Manufactured  under:  Gan*  patent  #538803 
by; 

J*DAMulligan  Ltd* j 
Peace  River ^  Alberta* 
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